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SOME COMMON INDIAN BIRDS. 

Ko. 4. THE CATTLE EGRET (BUBVLCUS COEOMANDUS). 

BY 

T. BAINBRIGGE FLETCHER, R.N., F.L.S., F.E.S., F.Z.S., 

Imperial Evtowologidt : 

AND 

C. M. INGLIS, M.B.O.U., P-ZA 

Most ot the birds dealt mth in-tliese articles are of general 
occurrence and as likely to be found in Calcutta, or ant other 
large tow., as in the surrounding country-side, but the subject of 
oiir present paper seems to have little use for a town, life, although 
it is one of the " common objects of the country ” in most parts 
of the mofussil. According to Stuart Baker, in North Ca char it 
ascends the hills to 2,200 feet. The Cattle Egret {BMcus coro- 
manivs), as its popular n/ime implies, is an Egret which is e.spccially 
attached to cattle— frequently accompanying these animals and 
feeding on the grasshoppers and other insects disturbed as the 
cattle move about and also picking off insects, tick.s and leeches 
which are attracted to the cattle. It is a very tame bird, even 
coming into compounds where any cattle are grazing. It is a social 
bird, generally occurring in parties, accompanying the cattle in the 
fields and frequently perching on their backs. Sometimes it attends 
pigs also and relieves them of lice. Occasionally it accompanies 
( 373 ) 
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crocodiles and apparently picks leeches or other parasites ofitreEi^ 
and sometimes it varies its diet with small fish, tadpoles and aqu atic 
insects. The late C. "W. Mason investigated the stomach con' eats 
of three birds at Pusa in December 1909 and found that they 
contained 166 insects, of which three were Carabid beetles nhich 
were classed as beneficial, three as neutral, and 160 as injuiionj 
the majority of this last category comprising grasshoppers and 
flies. There is no doubt but that this bird is decidedly beneficial 
to the agriculturist in India, not only helping to keep down grass- 
hoppers and other crop-psts, but reducing the numbers of blood- 
sucking pests which prey upon cattle. 

The Cattle Egret is easily recognizable, being a pure white 
bird with a yellow bill and black legs during most of the year. In 
the breeding season, which is at the beginning of the rains, sonic 
hair-like yellowish plumes grow from the head, neck and back, 
as seen in the right-hand figure of our Plate ; these nuptial pinnies 
are orange-coloured on the head and neck, those on the back orange- 
buff varying to pinkish or brownish buff. In Bihar this plumage 
is assumed in April, but in the case of one colony which was breeding 
on some mango trees in August there were just as many birds in 
the pure white as in the usual breeding plumage. 

Before legislation took place this Egret suffered tfie same 
fate as those with more valuable plumes, but now it appears to be 
much less molested. It is protected by law throughout the whole 
year in the Central Provinces, Bombay, Bihar and Orissa, United 
Provinces, Delhi, Madras, Burma, and Assam. 

As noted above, the Cattle Egret is a social bird at normal 
times, contrary to the habit of most herons during the non-breeding 
season, and it is probable that this social trait is the direct result 
of its attendance upon cattle. At the breeding season, however, 
which is from June to August in regions watered by the South- 
West monsoon, November and December in the Carnatic, and April 
and May in Ceylon, this sociability is greatly accentuated and the 
Cattle Egret at this time breeds together in vast numbers, often 
in company with other Egrets, Pond Herons and similar marsh- 
loving birds, making a large untidy nest of sticks, built in a tree, 
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in tamarka trees around village ponds, and layii^ tkee to 
° g very pal® greenish or bluish eggs, almost white, which vary 
.g]i in size and shape but are typically rather broad ovals, some- 
pointed towards one end, and measuring on the average 
43 mm. long by 33 mm. broad. 



Mr. J. MACKENNA, M.A., C.I.E., l.C.S. 


BY 

E. J. BUTLEK, D.?o., M.E., F.L.S. 

On the 30th of April, 1920, Mr. J. Maokenna, M.A., C'.I.E., I.C.S., 
vacated our editorial chair on his resignation of the post of Agii- 
cultural Adviser to the Government of India and Director of 
the Agricultural Research Institute, Pusa. By his resignatioo 
the “ Agricultural Journal ” has suffered a severe loss, and the 
Department has to regret the departure of a most distingiii.shed 
and popular chief. 

In his new appointment as Development Commissioner in 
Burma, he has taken up the highly responsible duties of the first, post 
of the kind established in India, and it is gratifying to know that he 
will still remain in charge of the agricultural development of a 
considerable province of the Empire. 

Mr. Mackenna’s connection with the Agricultural Department 
extended over a period of 16 year,« from his first appointment as 
Director of Land Records and Agriculture, Burma, in 1904. 
Shortly after this, he attended tlie first meeting of the Board of 
Agriculture held at Pusa, in 1905, and, by his active participation in 
the discu,ssions at this and subsequent meetings — he has attended 
nine of the eleven hitherto held and presided over three— has taken 
no small part in .shaping the policy of the Department. 

In Burma he was responsible for organising the Provincial 
Department of Agriculture which came into existence as a result 
oi the policy of agricultural development initiated by Lord Ciuzons 
Government in 1905. The first experts that started work on tjie 

( 376 ) 




C. GI,os.l, 

Inslilule. Pus„. 

JAMES MACKENNA, M, A.. C. I. E., 1. C. S,, 
lincullural Adviser lo the Governmeiil o( India and ex-ofticio Editor, 
" Agricultural Journal of India, " 

1913-14 and 1916-20. 



3 . MACRfiNNA 


37 ? 


iiuprovemeat- of Bunnese agriculture, with the advantage of Western 
experience, did so under his control, and it is fitting that, now 
tiiat a large increase in expert staff of Burma has been sanctioned 
and a second period of progress is in sight, he should be back in his 
old province to exercise a guiding influence over the development 
of its resources. 

He was fiirst called to the charge of the Imperial Department 
of .Agriculture in 1913, when he acted as Agricultural Adviser for a 
year during the absence of Mr. Coventry on leave. He. returned to 
assume substantive charge when Mr. Coventry retired in 1916, and 
he held the post until his recent lesignation, except for a short 
period of a month in 1918 when he acted as Secretary to the 
Government of India in the Department of Revenue and Agriculture, 
and for six months last year when he was on leave. 

This period was one of exceptional strain in the agricultural 
as in all other depariments. During the worst years of the war 
and the subsequent period of stagnation and slow recovery, the 
staff was depleted down to the bare minimum required to prevent 
disorganization. That in the face of these difficulties progress has 
irot ceased is in no little degree due to the oiitimism with which 
Mr, Mackenna continued to ccnsolie’ate the po.sition already gained 
and prepare for a frrrther advance as soon as conditions again 
became favourable. It was impo.ssible to hope to expand during 
those years, but it was possible to jrrepare for accelerated progress 
irr the brighter times that uere eonring. The end of the war found 
him with plans matured or matur ing for a large expan sion of activities 
in almost every direction and he had the sati.sfaction of placing 
these before Government during the past few rrronths. 

Post-war problems of great magnitude have to be faced in con- 
nection with some of our mo.st impeadant crops. The war very 
forcibly demonstrated the dis.advantages e>f being dejrendent on 
foreign countries for supplies of the necessaries of life. Cotton 
iurd sugar are two of those commodities that the Empire produces 
in quantity insufficient for its needs, and irr both cases India offers 

of the most promising fields for dewlopment. Mr. Mackenna 
in.strumental in getting two strong committees appointed"-t6 
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examine the Indian possibilities of expansion as regards these 
crops, and as President, first of the Indian Cotton Committee 
then of the Indian Sugar Committee, he has spent a considerable 
part of the last three years in dealing with this question. 

The Cotton Committee reported in 1918, and its recommtad- 
ations have received a strong measure of support from bodies 
such as the Empire Cotton Growing Committee and the British 
Cotton Growers Association, as well as from the trade and agii- 
cultural authorities m India. They are far-reaching and will take 
a considerable time to give complete efiect to, especially in the 
matter of securing the neceasary staff to carry them out, but they 
are generally accepted as hkely to be efiective in improving the 
quantity and quality of the cotton grown in India. 

The Sugar Committee was still sitting when Mr. Mackenna 
was summoned to Buitna, and he had, therefore, to hand over its 
presidency to Mr. Noyce. Much of the Indian part of the enquiry 
was then completed and the evidence obtained is amply sufficient 
to show the need there wa.s for a thorough examination of the 
position. Though India is one of the two chief producers in the 
world, there is little doubt that, but for the wajr, her imports of 
sugar would he now in excess of a million tons a year, and she is 
thus far from being in a position to feed herself, much less any other 
part of the Empire. But, with an area of some three million acres 
under the crop, it is clear that, if the Committee’s recommendations 
are effective in stimulating the improvement of the present 
>vretchedly low yield per acre, its work will have been of first-rate 
importance. 

Another matter to which Mr. Mackenna devoted much atten- 
tion was improving the publications of the Department. Tie 
“ Journal ” has greatly increased in popularity under his editorship 
and the recent decision to issue it every two months, instead of 
every quarter, should still further stimulate its circulation, His 
annual report on the Progress of Agriculture in India was regarded 
as, in many respects, a model for similar Government publications 
and was deservedly popular. In this connection, reference may 
also be made to his brochure on “ Agriculture in India,” where, o a 
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little over a himdred pages, he gives a lucid and interesting account 
oi the work of the agricultural and allied departments up to 1915 . 

At Pusa, Mr. Mackcnna will long be remembered as the most 
geuial and kindly of chiefs. He did much to improve the amenities 
of life, always difficult in such an isolated place, and showed a 
practical interest in regard to recreational, medical and educational 
facilities for the staff. 

For the Indian Agricultural Service he worked hard to secure 
the revision of the terms of service that he held were long overdue. 
Though he was not himself a member of the Service, he had its 
interests at heart, and it owes a great deal to his representations on 
behalf of its members. 

We h^ that he will not forget his old friends in the Agricultural 
Department as we know they will not forget him. There may still 
be opportunities for an occasional meeting and we foresee a further 
increase in the popularity of Burma as a scene for the touring 
activities of the Pusa staff. The best wishes of the Department 
accompany Mr. and Mrs. Mackeima to Burma, where, we hope, 
they will have a very successful and happy time 



PRINCIPAL FODDERS IN THE CENTRAL 
PROVINCES AND BERAR, INCLUDING 
THE SMALL BAMBOO (BENDROGALAMVS 
ST RICTUS).* 

BY 

D. CLOUSTON, C.I.E. and F. J. PLYMKN, A.C.G.T., 

0/ ihc Deparlnieid oj A<jricultiire, Central Provinces and Berar. 

The impi'ovenient in the breeding of Indiiin cattle in onler 
to raise the standard of animal at the disposal of the Indian iigii- 
culturist involves also improvement in aninual nraimgemenX, puti- 
ciilarly as regards feeding. Stall-feeding is not only becoming 
possible but also necessary in some tracts ; and in future the fiumer 
will have to provide fodder for his cattle instead of depeiicliii«' 
upon indiscriminate grazing. 

A aeries of analyses of the common grasses of the Central 
Proviirces ai\d Berar nrade in. the department's laboratory some 
time ago showed that these grasses are fundamci'.tally lorv in fcwling 
value. The aira lyses are suiticientK' iirterestiirg to be worth (juoting. 

Cornposilion oj common ijrasm oj the Central Provinces ami Bcnif. 

Tulal 1 SoUiltU: I 

Xainc of ^ras!t Moisture Oil, etc. nitrt><'on cHrbt*- b-i ' 

•.rotoiii* hydrate | 


Iy<:hc'iiiiiim’'sidcatuni .. 7T{S I’lW ll'OU .‘hrllo 

Aplitdu C'C'i'i .. 7'Bf) 1 •S2 

iStlnrui (jhiticn 7'flS I '7.7 ■|■4^ -t.'J'lt 

fneiJiina Inxniii. I'lD 1‘25 2'Sl) HDDS : 31’13 

Andruji>ogoii aiin<i}‘iCt4 .. lO'lJl 1'7T» 41}'7>7 ; 

„ car{i:om< .. 7'iSO l‘(n} ii'W) 4.>'77 | 

,, pcHti-sii-i .. lD'77 l‘SU 17*4S j 2K4)2 

L-iehtciiiniuhixim 8'S4 1-20 2'!>7 42-S2 j IM'OI 

AndrojjogoiiconiortK-'i .. f3'(i7 2’OU oU'!!} j 32*1)1 

Avekaok .. ' S'21 1-52 3'30 U'OO j 32-ol 

* Pajicr read at the Seventh liulian ScieiiCc Congrc?fl, Nagiiur, 11)20. 
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For purposes oi comparison the following analyses of grasses 
giown in more temperate climates are given. The figui'e.s have 
btcn collected from various reliable sources. 



EtluT 

extract 

Total 

nitrogen 

a.H 

protein 

Xitrogon 

free 

exlraot 

ami 

Kolulile 

carbo. 

hydrate 

Cnnio 

(ilji'c 

A.sh 

Ignited fatates 
(ipntiaiiy 

Qifccn^Iand 

Xcw South Wales 

314 

2-31 

193 

214 

9-21 

iO-74 

13-39 

0-03 

! ;)3'97 

! 4lr.53 

• •i!l-73 

: o2-81 

■>a-7! 

3tU9 

22’:.3 

29-3.5 

7-97 

1 12-42 
c;-k7 


It is clear froma consideration of these figures that in .so far as 
cliciuieal analysis is a guide, the feeding value of Central Piovinccs 
and Berar grasses is much below that of the grasses produced 
in the countries named, particulaily uith regaid to the higlily 
important protein matter. Some of the local gras.scs lia ve, however, 
a distinct reputation for feeding purpo.ses, hchxmum sulcoUmi 
being sufficient in itself to keep horses and cattle in good 
condition. 

That present methods of cliemical ai>.aly.sis arc iiuidecjuate to 
deal with the rektive values of pasture gra.sses i.s generalh' agreed. 
Fignres given by Wilson' show practical]}- no diticrence in the 
coiuposition of grass from poor low rented jwsture and that from 
valuable fattening knd. Hall and llusscll- arrive at the .same 
cenclusioii in their study of tlie fattening [wstmes of I'omney 
.Marsh. More discrimiiwfing methods of anah'.sis are obviously 
recpiii'cd, for although a food nuty contain a .suliicieiic} of mi.xed 
protein, it is only of limited value if some rwcessiii}- .speciiie irrotcin 
is absent. Further, the cstiuuition of the digeslilnlit}" of food is 
full of dlffieultics, and even when thi.s factor has been determined 
more or less satisfactoril}' u'c an' confronted uith the question 
wlietlier the digested portion of the food is entirel}' or only partially 
wailiible for aninral nutrition. . 


* Sctt’ucc \ n. N". -<• p- 

^ Joarn. A^ri Sriatcc, Vol. » p- 
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In considering the composition of Indian fodders, however, ive 
are not at present dealing with the finer points of digestibility nd 
availability so much as with the fact that in order to obtain its 
necessary daily ration of protein an animal has to consume about 
twice as much Indian fodder grass as would be recjuired if the 
grass came from a more temperate country. It has been found 
that the quality of a fodder is susceptible to climatic changes, 
while Crowther and Ruston ^ in their investigation of the ripening 
of grass for hay found that poverty in protein was characteristic 
of fodder grown in dull cool weather. 

In view of the apparent poverty of Indian grasses, any other 
fodders which can be grown easily are deserviiig of attention, 
Leguminous fodders are particularly valuable, even the wild bulky 
legume Alysicarpas ruyosm has a total protein content of over 
13 pr cent. The cultivated leguminous fodders like lucerne 
{Medicago satim), Egyptian clover or herseem (Trifolium almn- 
drinum), etc., are naturally of the greatest value where they can be 
grown, but the fact that they are not found to seed locally militates 
against their general adoption. 

Of the bulky fodders commonly fed to cattle in the Central 
Provinces and Berar, rice and wheat straw and juar stalks are the 
most imprtant. Many other fodders have been tested on Govern- 
ment farms in the provinces ; but with the exception of Egyptian 
clover (Trifolium alexandrinum) and the small bamboo (Dendro- 
calamus strictus) none of them has shown much promise of being 
suitable for adoption on a large scale. Egyptian cloveir or herseem 
does best when sown in rice fields about ten days or a fortnight 
before that crop is harvested. When the monsoon ceases in Septem- 
ber, it does well when sown in a standing crop of early rice early 
in October ; but if the rains are more prolonged, it does better if 
sown later in fields carrying medium or late rice. To secure uniform 
germination it is all important that the seed should be sown while 
the surface soil is still damp. By lying in contact with moist soil 
the seed germinates in four or five days, and the young clover 


' Joum. Agri. Science, Vol. rV» p, 305. 
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pknt ia weU estetliahed in about ten days, by which time the rice 
call be hMVBSted. Clover sown in standing rice does better than 
that aovm in open fields which have had to be cultivated before 
sowii^. This would appear to be due to the fact that in its early 
stages the young clover plant does better when shaded from the 
hot glare of an October sun. 

The seed rate required for clover broadcasted in standing rice 
fields is 40 Ib. pet acre. Within six weeks from the time of sowing 
the crop attains a height of about 15 inches. If cut at this stage, 
there will be a second growth ready a month later. Cuttings of 
from three to four torm per acre can be obtained every month 
horn December till April, if the land is kept slightly moist by 
irrigation. The best time to irrigate is immediately after cutting. 
It is very responsive to manuring and it has been observed that 
when its cultivation is continued on the same land its outturn 
inereases gradually. This may be' due to the increase of nitrogen- 
fixing bacteria in the soil, or to the manurial value of the roots 
left behind, or to both. As a fodder it is easily the best of those 
which have been tested up to date in the Central Provinces. If 
it were possible to raise seed locally, the crop would undoubtedly 
have a great future ; but under existing conditions the yield of 
seed per acre is only from 60 to 80 lb. 

For poor light soils which cannot be irrigated, small bamboo 
(fl, strictm] promises to be a most useful fodder, more especially 
ill years of drought. Sir George Watt in his Dictionary of the 
Economic Products of India describes this bamboo as being densely 
tufted and gregarious, and as having strong and more or less solid 
culms of from 30 to 50 feet in height. It occurs on moderately 
dry hills throughout India and Burrua, e.xcept in Northern and 
Eastern Bengal and Assam. It flowers after about 30 years ; and 
after flowering the plants die. This bamboo does very well on the 
poor gravelly soils of the rice tract of the Central Provinces where 
the rainfall ranges from about 45 to 60 inches per annum. 

Plate XXI, fig. I, shows the height attained in three years by 
liamboos grown on “ raoorara ” soils on the Chandkhuri Farm, Raipur. 
Ibe seedlings were raised in an irrigated nursery and planted out in 
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the beginning of the rains. The first cutting taken in June after 
three years’ growth yielded 19j tons of green fodder per acre whiclj 
was much relished by the farm cattle as will be gathered from 
Plate XXI, fig. 2. Though the tender twigs and green leaves of tte 
older culms were removed from time to time during the rains no 
apparent injury Was done to the culms. From the outturns alieady 
obtained, there is reason to believe that yields of from 40 to (iO tons 
of leaf per acre can be obtained from this variety of bamboo tluec 
years after planting. The airalyses of the leaf both in the dry and 
green state made by the Ofticiating Agricultural Chemist are given in 
the statement below. Some analyses of other locally grown ioddeis 
are also given. 

Table II. 


Name of fodder 

Moistuixi ' 

1 

Kt lier 
e.Ntiact 

Total j 
luirogcii , 

as ! 

(tioU'iii 

Soluble 

carbo- 

liydiate 

('rude 

fibre 

Ash* 

>!ind 

1, BainbuO leaved, 

r e e n, 
utricfHd 

UUUT 

OUT 

0-24 

J2-7o 

9-4o 

4-42 

;i'55 

2. Bamboo leave.<, 
air-diy, D. 
dridm 

7 -so 

2*22 

I2'f« 

3S‘0U 

24-18 

U'Si 

Ml.) 

;{ Bain!i'»o Ivavu'^. 
o V V e 11. li- 
iiruiidhiona 

03 4S 

0 S‘) 

3*!Hj 

Hi -2.5 

1(1-32 

■rid 


4. Biiinltoo U'avfs. 
air-'liy, B- 


2 -211 


11-41) 


13-01 


Lucerne. M'di- 

{/IIJCI iHtlL'll. 

tlry 

1 

1 (>-011 

2*02 

ir.-20 


23-S3 

!}-5(i 

i.'u:’ 

ti. 15 e r se cm, 

(ilfxandrhaun. 

orc-en 

Hl'lili 

Ovtl 

;c22 

8-20 

4-00 

2-3S 

1,'Ij 

7 . J,„,r fiuldcr, 

A iidrofHifjtin 
Sor(ih>iin, tlry’ 

(>U 

0-S!i 

> 

2-89 

5S-42 

i 25-37 

j 

ti-2!) 

3-bS 

8. Average foikler 
urasdjdry •• 

8-24 

1 *52 

3-30 

r 

44 -UO 

j 32 '54 

1011 

■ 7 ‘SO 


It will be seen that of the mo.st important constitut(ni& o 
food, viz., protein, oil and carbohydrate, dry bamboo learcs con 
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nearly lour times as much protein as is contained in the common. 

, sses. The proportion of sand is somewhat high in botli. and 
the proportion of indigestible fibre is greater in graa.scs than in. 

' ainboo leaves. The nutritive value of bamboo leaf appears to be 
at least equal to that of our grasses, while the yield obtaiiced ])cr 
acre is very much greater than that obtained from gi'a.ss on similar 
aoil For the first cutting taken in June last year the variety 
‘pedrocahmus strictm gave, as already pointed out, a }ield of 
igi tons per acre on the Cbandkhuri Farm. Spear grass {Aridro- 
mion coniorius), which is commonly found on this poor class of 
gravelly soil at present, ordinarily gives from 1| to 2 tons of green 
Llder per acre, which is equivalent to from 350 to 700 poiiirds 
of dry grasS' It should be possible in parts of India where tracts 
of poor land are available and where the rainfall is suitable, to 
establish bamboo fodder reserves from which useful supplies of 
gveen fodder could be obtained for 7 or 8 months of the year, and 
Lm which bamboo hay could be made for utilization in. years of 
fodder fan\ine. That bamboo hay is a palatable fodder tor cattle 
has been, proved on the Telinkhcri Daily Farm, where an experiment 
is now being carried out to compare its feeding value with that of 
dtv grass. In the green state it is already used a.s a fodder in 
certain parts of India. In this state it is suppo.se(l to possess 
medicinal properties and is commonly fed to ponie.s an.d rattle 
suffering from ailments such as “ broken " wind and foot-and- 
mouth. 

There are many other uses to which this bamboo could be 
pit ; its seed is a most welcome 'ood-gmin and its tender culms a 
welcome vegetable in famine jxars. Its nwture culms are used 
as rafters and battens, or in tbc nuimifacture of mats ami furnitiiie. 
b. jungly areas where bamboos are plentiful and where pigs abound, 
the cultivator fences his cane and vegetable plots with a fence 
made of split bamboos. There is. in short, good reason to believe 
that the systematic cultivation of thi.s most useful species is well 
worth the serious consideration of tlie De})nrtinent of Agiiculture 
hi this country. 



SOME FACTS AND FIGURES REGARDING 
BANANA CULTIVATION. 


BY 

W. BURNS, D.So., 
Economic: Botanist, Bombay ; 




P. G. DANI, B.Ag., 

OJ Bombay AgricuUnral Department. 


Thk following facts and figures arc culled from a mass of 
records of two plantations in the Ganeshkhind Botanical Garden, 
and may be of some use in giving more accurate information regard- 
ing this important crop. 

Two varieties were used. In the first plantation was pknted 
a variety locally knowm as Soni, with a medium-sized, very sweet, 
yellow-skinned 'fruit. The area of the plot was 23 gunihs, tkt 
i 23/40th3 of an acre. The suckers were put in at 15 feet apart 
each way, and were 110 in number. The mam objects of this 

plantation were to provide material for ^ 

(1) observation of the development and morphology of the 

inflorescence and flowers of tire banana , 

(2) study of the problenrs of pollination, fertilization, and 

hybridization. 

Incidentally other observations were made or recorded in the 
cultivation sheets, and it is these that are here presented in a highly 


condensed form. j .i, fb 

It should be mentioned that this work passed throiigh 

hands of no less than three assistants and hence there was some 

little trouble in disentangling facts from the records, but the sta - 

ments now made are sound. 


( 386 ) 
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The pkntation was destroyed in March 1919. The total 
yi dd of raw fruit for the plantation from June 1915 to this date 
^ s as follows : 

Yield 

for 23 gunihm calculated per acre 

Weight .. .. .. 15,637 lb. 27,194 1b, 

Number of fruits .. .. 81,066 | 1 40.984 

The original sucker we called the mother-sucker, and the 
following suckers that came into bearing on the same stool we 
called the first, second, etc., sucker-generation. Suckers were cut 
away from the stool at first so as to leave one in bearing, one half- 
grown and one just starting. Later on this rule was not strictly 
observed. The total number of suckers that came into bearing 
during the time of the experiment was 494, representing the mother 
generation and up to three sucker generations after it. 

The average yield per sucker (mother or daughter) during 
the period of experiment w'as 3r65 lb. in weight or 164 fruits in 
number. 

A manurial experiment was carried out, the plot being diiided 
into two,' one part treated with a mixture recommended by Dr. 
Mann and the other receiving local treatment. Later on both plots 
received the same treatment. The following are the rlates and 
methods of manuring, the quantities given are per stool 


June 21, 1915 

Both plots l«*ived 80 lb. {srrayard manure per .stool, at time of planting. 

June 29, 1916 

Sub-plot I received 20 11). pomlreWenutl 1 Ui. Dr. Mann's formula, and 
Sub'plot 40 lb. |K)udrotte. 

J«ii,U,19n 

Do. Do. Do. 


(Manorial experiment ended.) 

leb. 9, 1917 .. 

Both plots received 140 lb. lamiyarcl manure and one lb. bone meal 
* JKT stool. 

Iiuie 1, 1917 

Do- Do- 1®® ">• pooilrene. 

23, 1918 

Do. Do. 1001b. poudrettc. 
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The manurial experiment has lieeii recorded in the Aniiiia) 
Report of the Gancshkhind Botanical Garden for the years 1916 ic 
1916-17, and 1917-18 .and in Bulletin No. 89 of the Bombay 
cultural Department. There is no need to say more of it here tlian. 
to state that the pondrette plus Dr. Mann’s formula proved tlie 
better treatment. 

Watering was done at ten-day intervals. 

The attached table is a record of the behaviours of three stoels 
(numbers 14, 46, 'and 77) taken .at random in the whole plantation. 


True No. 

1 

Date of 
' harvests 

No. ot days 
liotwoen 
harvests 

Weight 
of fruit 
produced 

No. of . 

fruits 1 Fluctiiaiuui 
produced 


14 mother 

: l-ll-ic 

1 Year and 130 

lb. 

18 

i 

13U 

1 


A gen. 

1 

1 

1 ij-a-n 

tlays from 
planting. 

312 

28 

! 

1 183 

i 

5,'; 


B „ 

J-7-1S 

288 

36 

218 

-rSJ 


40 mother 

j 23-9-lC 

1 year and 92 

24 

154 


Sister 

1 A gen. 

1 i)-o— 1 7 j 

days from 
planting. 

2.32 

31 

172 


Slickers 

[A „ 

7-8-17 

82 

00 

207 

+35 


|B „ 

25-5-18 

283 

44 

230 

+2:i 

Da. 

(B „ 

24-0-18 

30 

53 

216 

-ll 


77 mother 

31-8-10 

1 v<‘ar and TO 

H 

m 



A gen. 

5-1-17 . 

days from 
phinting. 

215 

»8 

248 

144 

J 

A „ 

8-l-n ; 

3 

41 

253 

- 5 

Do, 

L,. 

7-8-17 

m 

25 

145 

-IdS 


[B ” 

li-5-18 

274 

IG 

157 

+ 12 


B 

l-C-18 

20 

50 

203 

4 11. 

Do. 

B „ 

13-0-18 

12 

40 ! 

228 

2:1 


B „ 

14-7-18 

J1 

r ,2 

180 

-4S 


On examining the above table we see that from tlie date 
of pirr.ting to the date ol fruiting of the bunch the average 
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three months and seven 


number of days required is one yea 
days. 

From the date of harvest of the mother to iLnf i 
ration the interval is 280 days. ‘ 

The same from A to B is 298 days 
The yield in the first generation is more hr 
72 fruits than that of the mother, and is still , " T' 

.f 3 i„ the aecond ge„»,i„„ f » •«rage 

three stools is taken.) ^ of 

The appearance of the inflorescence i.s alunvs 1. , i, , r 
appearance of leaves which we have named trannii ' l' ' 
mediate between a foliage leaf and a bract. The tevl TJ'"’ f 
their appearance. ^S'ne shows 
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Tke average interval between the appearance ot tbe first 
transition leaf and tbe barvesting of tbe buncb was as follows 


Mother generation 
Sucker » 



No. of days 


121 

156 

153 

166 


The second plantation consisted of plants of the %rf. v«y 
tomWalhc village on the Madotsand Soothe, n M.hratta Ihntev, 

This vaiiety is elsewhen, b.o«» as oi T » 

u a variety more dwarf in halnt and with a more angled and ri,g ly 
coarser triit than Soni. The area planted was 8 s«lto (S/totl. 
of an acre) and the distance between trees each way was 11 
t. The Ltalnnmhetoi trees was 12. The plantation was b^a 
July 8, 1916. and destroyed in the hegmning of Mard, 


on 


1919. 


The total yield for tbe whole plantation during its existence 



4,087 lb. 23,0851b, 

.. ; 17,210 Sf'tOSO 


Weight 

Numbet of fruits • • 

Tbe average yield per sucker was 21 27 lb. 

Tbe manurial treatment w'as as follows: 

50 lb. of poudrette per stool, ut the time of planting. 
100 lb. of poudrette per stool. 

Watering was done at ten-day intervals. 


July 8,1916 
June 1, 1917 
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Taking three stools at random (Nos. 24, 32, and 49), the 
following are details regarding time of fruiting, etc 


Tree No. ‘ 

Date of 
harvest 

No. of days 
between 

1 harvests 

Weight of i 
fruit 1 
produced 

No. of 
fruits 
produced 

Fluctuation 


31-7-17 

I year and 23 

lb. 

40 1 

114 


A gen. 

20-4-18 i 

day.s from 
planting. 

260 

, ro i 

151 

! +37 

B „ 

5-8-18 

105 

29 

130 

-21 

33 mother 

2.^8-17 

1 year and 47 

40 

88 ■ 


A gen. 

27-4-18 

days from 
planting. 

242 

k. ' 

24 

102 

+ 14 

B”,. 

10-9-18 

133 

18 

79 

-23 


13-9-17 

1 year and 65 

i "i 

1 8' 


A gon. 

B „ 

3-5-18 

days from 
planting. 

230 

i 

1 

1 50 

i 

1 

i 149 

+8S 

21-2-19 

288 

! 

()2 

-87 


On examining the foregoing table we see that from the date 
of planting to the date of fruiting of the mother plant the average 
number of days required is one year and 45 days. 

The interval between dates of successive harvests is— 

an awagp of 244 days from mother to tirjtt generation, and 
„ „ „ 119 „ „ first to secotjd generation. 

As to yield there is an average increase of 46 fruits in the first 
sucker generation and an average decrease of 44 fruits in the second 
generation. 

The following calculations shore the probable profits from the 
cultivation of the Soni variety in the Pooiui District. 

Cost oj cuUivalion. 

Cost of labour - — man chargeti at the rat« of 8 as. per day. 


woman do. 

do. 

4 as. 

do. 

child do. 

do. 

4 as, 

do. 

bullock do. 

do. 

4 as. 

do. 


Farmyard manure at Rs. 2 per cart and pondrette at Rs. 2*4-0 per carti 
Two cart-loadfl are equal to one ton (2,240 lb.) 

One basket is equivalent to 20 Ib. 

50 such baskets make oOe cart-ioad* 
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The following are calculated per acre.) 

VXVEKDITL'RE. 

[XV, iv 

six monlhs, 

No. 

Operations, &c. 


1 

Two ploviglnngs crosswise by an iron plough CT^ or Arlington, two . . 

A. r. 


pairs and two men for 4 days 

S 11 II 

1 S (1 

2 

Disking and harrowing, one pair and one man for the whole day 


Digging ])its ; size 2^' X X 2^', Pits required for an acre In feet 

apart ai'e 193. Oneman<ligs .5 pits in one day, 39 men linish the 



work ill one day . . 

If S 11 

211 II 11 

4 

Suckers i-equired 200, at the rate of Rs. 10 per 100 

5 

.Manuring at the time of planting, F. Y. M. SO lb. per plant {14 cart- 


loads required) 

2' IJ (1 
H i) 0 

6 

Carling manure at R. 1 per cart 

T 

Planting suckers ; one man plants about 2." suckers in one day 

■i II (1 

1 U i; 


Harrownig ami levelling after planting 


Preparation of beds and water channels, one man prepares about 10 


beds of the size re<|uiivd per day .. 

'i 0 11 

10 

Irrigation ehargos : water generally given (or 10 months in a year except, 
ing raitiy season ; 30 w-aterings in all for one year, Irrigation 
Di'partinent eliargea [kt acre R,s. 22-S-O for crop like plantain 
((}. K. No. 0371, dated 27th dune, 1017), for tlirec and half years . . 


;s li 1, 

11 

Watering charges; in all 10'> waterings for the whole lime of the 


plantation ; one man can irrigate one atre in a day 

•’*2 S [) 

12 

Stirring, digging ami weocling the beds onee every three months. 



12 men can liiiiah it in one day. 14 .<uo|j operations 

iS4 IJ ti 

13 

Maki kixo :--(Jenera1lY manured every six monllis. For the, methwl 


of manuring as deserilx'd aliovc on i>nge 387 the total cost e<*mesto. . 

it;i 111 ti 

14 

Land assessment to («i)vernm«>nt for three yeai-s at tin' rate of Ks. 4 in‘r 


acre 

12 1) II 

l-y 

Rent <tf laml on lease for three ami half yearn at 1h<' rate of Rs. 2U 


l>er acre . . 

7(1 n 11 

U> 

Harvesting charges ; ]Xt Imnch .3 pics, for S«ig bunches 

):i !i 11 


Tc>tal Cost 

.iSii 7 (' 


Ini'omk. 



Ylehl per acre in number of fruits, 140.9S4 ; sohl whoh*sale on tlu* ]ilf)1 
itself at Hs. ! 0 )ht ],<HMi .. 

Subcrop like ehiirn s, etc., taken for the first -ix monlhs, Tlie net profit 

1,-iin'i i;i ii 


per acre fitr such a croji comes to. . 

.'iC 11 1! 


vSpare suckiTs sold at the rate of l<s. lO per KKj 

,72 U 1.1 


Total income . . 

1,,71I ];i 0 


Dodneting cost cd cultivation 

ri’?(i 7 0 


Wo get a net prtdit f<ir three and half years 

!!:>,■) i> (' 


So, for one year, the net jtrufit for banana cultivation ia 

■.!(u ii Q 


SOME NOTES ON COTTON IN SIND. 


I!Y 


K. I. THADANJ, B.Ac.. 

<>J the Vcfarlmeut oj AijiimUure, Hind. 

The economic significance of natuial crossing is a matter 
of the first importance, as it ailect.s tli<‘ improvement and intro- 
duction of varieties and also distribution of seed. Hence it is worth 
wliile to estimate the extent to which it occurs and also to find out 
an efficient means of protection against it. Professor Gammie, 
fi'oin the failure of emasculated flowers e.xpose'd to natural crossing 
to fertilize, was led to believe that Indian cottons were normally self- 
fertilized, but the mo.st reliable method of obtaining accurate 
information on the subject should be ba.scd on a stud}'' of single 
plant cultures. 

During the course ot the writer's selection work on the local 
cotton [Gossijpium neylechini) in Sind, he has been dealing with a 
large number of single plant cultures for the last lew years, and the 
let'oid of the examination of tlieii- progeii}- may give a clue to the 
present inquiry. The local cotton in Sind is composed of four 
varieties, two with white ilowers, namel}', (1) Srykclum rosea and 

(2) Xajkdum cutchica, and two with }ellou' flowers, namely, 

(3) y'egkclum vera and (4) Xegltdam imdrentiis. It has been shown 
Ij)’ Leake and corroborated by I'h'son that white colour of the petals 
in the cotton flower is recessive while yellow is domin;int. If that 
is so, the extent of natural crossing c;m be determined with cer- 
tainty from the behaviour of the progeii} of the white-flowered 
plants exposed to natural crossing ; while the eximiination of the 
progeny of the yelJow-fiowered plants will not help much, as the 

( 3U3 ) 
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first generation hybrids always assume the dominant form and thus 
escape detection. 

In the year 1915-16, sixty-four white-flowered plants 
marked in an ordinary field where all forma were growing mixed. 
Each was picked separately, sown next season in line culture and 
the progeny examined. Three cultures were lost and the-detailed 
results of the remaining sixty-one cultures may be summarized 
as under : — 


Variety j 

[ : 1 

XT f • 1 No. of cultures * 

No. ofsmgte 

plant cultures. 

No. of cultures 
splitting ' 

! Peicentaj^e oi 

plants affpcted 

by natural 
crossing 

ycgUctutn, rosea 

34 


28 

84 

ycglecium cukkku 

27 

i 

8 

19 

70 


In the year 1918-17, fifty white-flowered plants were similarlv 
marked in a mixed field, separately picked and sown next season 
in line cultures. The detailed results of the examination of the 
progeny are summarized as under ; — 


1 

! 

Variety 

No. of single 
plantcultures 

1 

1 ! 

No. of cultures ' va / ,, 

breeding true , of 

to type ^ 

i 

Fercciilagc of 
plants adoeled 
; by natural 
crossing 

.Yti^Iedii/n r08C(i 

28 

i (i i 22 

i 711 

SegUduin cukkiett 

22 

^ 5 ' 17 

1 1 

! 


Similarly, the selection of ninety-nine white-flowered plants 
in the year 1917-18, sown next season, gave us the following 
results : — 


Variety 

No. of tiUlglc 
plant cultures 

No. of cultures 
breeding true 
to tyi>e 

1 No. of cultures 
j splitting 

I’ercctitagc oi 
planl8 ailrcted 
by natural 
crosaiflg 

y egledum rosea 

40 

10 

1 30 

(ill 

y egleciurn culchica 

oO 

14 ! 

1 

1 30 

n 
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The results of the selection of 1918-19 
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fire as under 


Variety 


rosea 

^leglectum cuicJiica 


No. of single 
plant cultures 


36 

10 


No. of cultures 

breeding true cultures 

to type j splitting 


16 

5 


20 


Percentage of 
plants afieeted 
by natural 
crossing 


65 

50 


The results show that vicinism causes from 50 to 84 
of the plants to become affected by natural ,>r r 
The percentage would be still higher if we were to tllcrrir^^''' 
sideratm fertilisation between sister plants which remail" 
detected It has been further found that one pLmt bironl 
average wenty flowers and that the affected plant gets on Z 
average two of its flowers naturally crossed. At that rate 

percentage of natural cross-fertilization would amount to from 
5 to 8'5 per cent. 

Since natural crossing is annually occurring and is a iieima- 
nent source of trouble, confusion, and error, any practical means 
of protection agamst it would be simply invaluable not only flom 
economic considerations, but also in solving genetic problems. 
In all Ime cultures, specially in Mendelian work, covering of the 
plants or the flowers is an absolute necessity. Several der icca are 
resorted to, such as paper covers, muslin bag,s, nct.s, rings, sutures 
etc. matever the device, the labour involved is cLsiderable 
and there IS always a certain percentage of flbwers that do not 
bet Further, Mr. Leake found that the effect of contmued covering 
leads to sterility. Apart from this, the application of these devices 
« imited to small cultures, being of no avail tor cultivation on a 
eld scale where roguing and insolation arc the only means of 
protection. 

During the couree of the writer’s observations on the cotton 
ower e chanced upon a flower wliich was marked (among several 
» eis) at 10 o’clock in the nioming, when it was a full bud, for 
^ J purpose of recording the exact time when it would open. After 
'0 hours the bud was veiy much swollen but the tip was 
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completely sealed, maintaining the shape of the bud, while ot’.cT 
flowers had opened their petals wide apart. The particular flo' -er 
was kept under observation, every hour until evening, hut rlie 
petals never opened ; the bud began to shrivel from 2 o clock, sho\ving 
that fertilization had taken place inside. Observations were 
continued till the next day, but the petals did not open as 
was expected from the shrivelled appearance of the closed petals 
on the previous day. It was then properly marked and labelled 
for collection of seed. When the boll was formed a small bag was 
put on lest cotton should drop on the ground when the boll Linst, 
The same evening while rambling in his cotton plots the uritei 
found some fertilized flowers with closed petals as distinct fium 
those that had opened as usual. The circumstances led to tlic 
search of some more cleistogamic flowers and the writer was able 
to find about a dozen and a half on which observations were taken 
during the full course of a day. It may be further remarked that 
the plants on which cleistogamic flowers were discovered had 
mostly opened all the flowers except the one closed flower that 
was found. The case is analogous to that of Nilsson who dis- 
covered that in pure lines of oats occasional grains appear that 
are aberrant cither in colour or morphological characters. The 
variations tested by him either bred true at once, or after one or 
two generations practically all of the progeny bred true to the 
character. 

Now it remains to be seen if this character is hercclitaTv or 
if it can be fixed.’ The very existence of cleistogamic floru-r sug- 
gests that a race could be bred in which the flowers would admit 
no crossing. In conclusion, the writer is reminded of a pa&sagc 
from Balls who, while dc.scribing the various means of protection 
against natural crossing, says : — 

“Another obvious possibility is the discovery or manu- 
facture of a cleistogamic flower which shall aliuoliitel) 
refuse to admit foreign pollen to its style. At one 
stage of these researches the author seemed to be mcH 
on the road to success in this direction and tlie .stoi) 
of ultimate failure is not without suggestiveness. 
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failing to find anywhere a hint of the existence of nncrossablc 
' on flowers, Balls was led to experiment on a short style flower 
■ -vliich the opportunity of foreign pollen to reach the style was 
,11 and came to the conclusion that the accessibility of the style 
minor factor in natural crossing under the conditions of our 

breeding plot. 



STUDIES IN BIOCHEMICAL DECOMPOSITION' 
OF COW-DUNG AND URINE IN SOIL* 


BY 

N. V. JOSHI, B.A., M.Sc.. L. Ag., 

Offg. Assistant Agricultural Bacttriologist, Pusa. 

In a previous paper on nitrification of green manurcSj read at 
the last Science Congress, by the writer, it was shown that certaii) 
plant tissues, e.g., stems and roots, fail to nitrify in soil, even 
under optimum conditions of temperatme and moisture, and also 
as a result of further experiments it was suggested that “the 
failure to nitrify, so far as ascertained, does not depend on the 
nature of the nitrogenous materials. It is probably due to nitrate 
reduction occurring in the presence of great quantities of non- 
nitrogenous materials, such as cclhdose and woody tissue.” In 
order to find out whether and, if so, how far this explarmtion is 
applicable in the case of other organic nitrogenous materials, expwi- 
meuts with a number of different manures like oil-cakes, cattle-clung 
and urine, and sheep-fold manure, etc., were initiated, but as it 
would unduly lengthen the paper if wc were to deal with all the 
substances examined at one time, it is proposed here chiefly to deal 
with the trials made separately with cattle-dung and urine only. 
These two materials are of the greatest importance to the agri- 
culturist, especially in India, as they form principally the only 
sources of manure to the small cultivator in this country where 
practically no artificial manures or oil-cakes are employed in the 
usual farm practice, except by planters or rich cultivators. It will 
perhaps be asked at the outset why experiments with farmyurd 
manure direct were not so far carried out, since farmyard luaimre 


* Paper read ab the Seventh Indian Science Congress, Nagpur, 1920. 

( 398 ) 
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is the most commonly used manuie all over the world, and both 
tjie materials experimented with, viz., cattle-dung and urine, are 
associated together in the farmyard manure as its chief constituents. 

It may be pointed out, however, in reply that the work on farmyard 
manure is complicated by the fact that this manure undergoes 
several chemical and bacterial changes during storage and further 
t]se quantities of dung and urine which are added in different places 
^fliilo making up the farmyard manure are subject to such a wide 
variation that no useful purpose would have been served by taking 
ap the study of farmyard manure at 'once ; especially as it was 
considered that more useful information could be obtained by 
studying, in the first instance, the decomposition of the two mate- 
rials— dung and urine— separately, either before or after fermenta- 
tion. Besides, the study of the decomposition of these substances 
separately was more suited to our puipose as the difierence. in the 
chemical composition of these substances is already knoani. The 
urine of animals contains nearly all the potash and a good deal of 
nitrogen with only a very small amount of phosphate, while the 
noil-nitrogenous material present is veiy much smaller as compared 
with dung which contains a proportionately larger amount of non- 
nitrogenous materials. The amount of phospkte voided with the 
dung is also comparatively larger. Moreover, the urine contains 
the plant foods not in solid form as in the case of the dung, but in 
Bolution. It was therefore proposed to see in the first instance 
which of these two substances in a fresh condition, t.e., before 
fermentation, is more easily nitrified, as tlie knowledge whether any 
particular organic substance would readily decompose in a soil so 
as to be immediately available to the crop is likely to be very useful 
to the agriculturist. 

The study of the decomposition of these substances after they 
were separately stored and had undergone fermentation was also 
further taken up as it was considered to bo of puactical value from 
he point of view of conservation of farmyard manure. Owing to 
lennentation and drainage, the loss from the manure kept in the 
ordinary way is a very serious item, and the problem of conser- 
vation of farmyard manure would bo much simplified if it were 
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known which of these substances is responsible for the serious 
losses known to occur during storage of this nranure. Although it is 
doubtful whether such a study will confer immediate benefits or solve 
the problem at once, the writer was led to undertake the investi- 
gation in the hope of getting some useful data. The results so 
obtained form the subject matter of the present paper and are 
presented here with a view to elicit useful criticism. 

While studying the nitrification of cattle-dung and urine, it 
was the writer’s original intention to study and compare tlic de- 
composition of sheep dung and urine, but it was not possible to 
arrange to get these separately. Only sheep-fold manure {Le., a 
mixture of dung and urine) was available. Trials with this are 
included here just to indicate what kind of results can be expected 
with the mixture of dung and urine obtained. 

Cow-dung and urine and sheep-fold manure were brought to the 
laboratory in fresh condition and were immediately analysed lor 
their moisture and nitrogen content. These being determined, 
they were then separately added to each kilo of air-dry Pusa soil 
at the rate of 30 mgm. of organic nitrogen per 100 grm, of dry soil 
(equivalent to 750 lb. of N per nine inch acre), water was added so as 
to make up the moisture content of the soil up to 1 6 per cent., allow- 
ance being made for the -water already contained in. the manures. 
The manures were then thoroughly mixed with the hand and each 
lot filled in separate glass bottles covered and kept at 30° ('. in tlie 
incubator. It would be useful here to mention that the quantities ol 
nitrogen and moisture stated above had been, found to be (iptimiim 
for the Pusa soil for nitrification and were therefore adiqjted Is 
these experiments. 

Samples for analysis were taken after thoroughly mixing tk 
soil, to determine quantitatively the amount of ammonia, nitrite and 
nitrate formed at the end of each week for the first four necks, after 
which time determinations were made at an interval of two weeks. 

The methods of analysis were the same as those employed on 
the previous occasion.* 


^ Joshi, N. V. Aijric. Journ. of India. S|)ecial ladUn Sciunce Cungross No,, I'Jia, p rSO. 
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In Chart I, the amounts of nitrates formed by the decom- 
sition of coW-dung, urine and sheep-fold manure, as found by 
^ 1 fsis are plotted in the form of curves. It is clear that cow-dung 
^ not show any nitrate formation. Urine shows the greatest 
unt of nitrates, while sheep-fold manure, which is a mixture 
^i^dung urine, stands between the twD. In the opinion 
the present writer these results confirm the previous contention 
til t the absence of nitrate accumulation (as in the case of cow-dung 
lid sheep-fold manure) is due to the nitrate reduction occurring 
* the presence of great quantities of non-nitrogenous materials 
'such as cellulose, since the nitrates are found to vary inversely 
amount of non-nitrogenous material Cow-dung, which 
contains the greatest amoun.t of non-nitrogenous material asso- 
rted with the nitrogenous one, shows the least amount of nitrates ; 
uiine which has the least amount of non-n.itrogenoiis material 
^Jllociated with the nitrogenous one, has given rise to Ihc greatest 
amount of nitrate ; while sheep-fold manure is inteimccliate between 
tiie two both as regards its non-nitrogenous content and the 


amount of nitrates found. 

Since farmyard manure consists mainly of dung and uime 
n^-hich have undergone some changes, aerobic as wellasamerobic, 
in heaps or manure pits, it was proposed to sec what effect the 
storage has on. the decomposition of each of these umterials singly 
ivitli special reference to nitrate founation. For this purpose the 
nuiterials left over after use in. the first experiment and kept in 
open jars with clock glass covers were used. Fresh determinations 
of nitrogen and moisture content were made and the materials were 
then separately added to soil on the same basis^30 mgm. X 
per 100 grm. of soil as before. Chart II gives the results showing 
that while urine has retained its place as regards high nitrifi- 
ahillly, cow-dung and sheep-fold nwnum have exchanged places ; 
cow'-dimg, after storage, is superior to slieep-dung, and further 
a greater amoun.t of nitrogen has lieen. transformed into nitrates 
both in the case of the stored cow-dung and sheep-fold manure 
than the amounts so transformed from these substances m Iresh 
coudition. 
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The results of one experiment Were, however, considered inhiifl], 
cient proof, because it was realized that the composition of cow dimg 
is not uniform in all seasons and might also vary with the food gives 
Another experiment was therefore arranged on the same lines as 
before about four months after the first, and this time the 
addition of straw (which usually finds its way into the manure lieap) 
was introduced as a variation, so that each of the materials used 
was tried, with and without straw, there being thus six bottles 
instead of three as in the previous two experiments. The straw- 
added amounted to only 0'6 to 0'6 per cent, of the quantity of dung 
employed, although the amount of straw heaped together with 
cow-dung in the manure pit ivas estimated to be about 20 per cent, 
of the quantity of dung. This estimate is confirmed by the figures, 
kindly supplied by Dr. Mann, of one particular experiment lasting 
for one week made at the Poona Agricultural College Farm. 

The figures are as follows : — 

Cow-dung 3,886 lb. 

Straw . . . . . . 862 lb. 

which show that the straw is about 22'2 per cent, of the cow-dung. 

The smaller quantity of straw was employed because in some 
other experiments it had been found sufficient to show its effects 
on the course of nitrification. 

Chart III illustrates the results. It will be Seen that the)’ 
are of the same type as those obtained in the two previous experi- 
ments, and further that the addition of straw' had the cfiect d 
lowering the amount of nitrate found in each case. 

In order to see the efiect of storage as in the previous orse, 
cow-dung, urine and sheep-fold manure which had remained after 
use in the third experiment were divided each into two equal lots 
and each lot vvas stored in a separate jar. The jars were then 
divided into two sets. Jars in one set comprising one lot of cacli of 
these substances were covered with ground glass plates, "liicl 
were then made airtight on the edges of the jar by rubber lute 
with a view to exclude the outside air, thus securing the storage of 
the materials under anaerobic conditions as far as possible, h’ ll** 
other set the jars had only_^paper covers and thus had access to 
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outside air; this set is therefore called “aerobic ” W ff 
^as, however, made to pass the current of air nvl. fu 
in the aerobic set. Both these sets of jars were left afl 
temperatures varying between 28° C. to 30° C A ft t “^^^tory 
storage under these conditions, the materials ssT"" 

taken out, their moisture and nitrogen content dete 

introduced by the addition of straw was retained iu t 
Otha cndiliom of tt. ^ « 1 

The results are shown m two separate charts, Nos IV and V Th 
aerobically fermented materials have practically given the saut 
results as m the previous case, except that the sheep-fold manure 
gives s igh ly more nitrates than the cow-dung. In the case of th 
anaerobi^l y femented ones it will be seen that although urin 
retains its high place as regards its nitrifiability, the amaerobically 
fermented sheep-fold manure and the anaerobically fermented 
cow-dung have changed places. The straw has shown its effec 
mz., that of lowering the amounts of nitrates, in every case. Com- 
paring the results of the two sets it may be observed that although 
them IS very little difference between the amounts of nitrate formed 
from the cow-dung fermented aerobically or anaerobically, still there 
IS a good deal of difference between the two lots of sheep-fold manure 
This 13 illustrated m a separate cliart (No. VI) comparing the two’ 
from which It will be seen that the anaerobically fermented sbeep- 
old manure is mferior to the aerobically fermented one. A,s such 
difference is not noticeable in the case of cow-dung or urine when 
each of them is stored separately, but noticeable only in the case of 
eep- 0 manure, it is natural to enquire whether this inferiority 
reference to nitrifiability of theanaerobicaUy fermented sheep- 

»' '>"“6 “1 

would’ U t iT ^ separate storage of dung and urine of cattle 
int G, advantageous than the addition of the urine 

" '-=1 --‘1^ farther study 

abfromarth ^”^ of material but 
storage pomt of view, inz., the loss of nitrogen during 

1 was incidentally noticed that under anaerobic 
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conditions of storage there was no loss of nitrogen from urine, that 

from cow-dung only slight, but sheep-fold manure under anaerobic 

conditions lost more nitrogen than either. 

Under aerobic conditions there was loss in all cases, but as the 
figures for loss in moisture under these conditions were not accuiately 
determined beforehand, no opinion can be expressed as to the 
relative loss of nitrogen from each of the materials. This question 
of loss of nitrogen during storage is being further investigated to 
obtain more accurate information. 

It must have occurred to many that the experiments canieil 
out so far are open to one serious criticism, viz., the excessive 
amounts of materials used in the experiments. These are no doubt 
higher than the amounts normally employed in the field. But these 
quantities were taken with due regard to the amount of nitrogen 
which had previously been found suitable for nitrification experi- 
ments with Pusa soil and to the fact that the concentration oi 
nitrogen should be such as to enable one to detect even small 
differences in what may be termed the nitrifiability of materials. 
In order, however, to leave no room for criticism of such a kind, 
and also on account of the very wide differences m nitrifiability 
of materials compared (as already noticed in these trials), a fresb 
experiment was arranged in -which the quantities employed 
approximated to what may be called heavy manuring such as 
is given to garden crops or other soil-exhausting crops like 
tobacco. The quantity of manure employed was calculated on 
the basis of 50 cart-loads, i.e., about 25 tons of farmyard maiuiie 
per acre. For ordinary crops 25 cart-loads are considered sutficieiit 
for Pusa soil. These quantities were found to supply lo lugiiu of 
N per 100 grm. of soil instead of 30 mgm. as before. The 
addition of straw was retained as a variation. Sheep-fold manure 
was not available at the time. Soil alone and soil plus straw wie 
introduced as controls. 

In addition to nitrification experiments, CO., production expei 
ments were carried out. The COj produced in soil by each of t ^ 
treatments was measured every day in order to see whether 
is any relation between the process of nitrification, as represeute ) 
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the amount of nitrates whicli are the final product of the nitrogen 
changes, and the process of CO^ production, which latter may he 
gidd to measure the general biological activity of tlic soil. 

Furthermore, soils receiving the different treatments were 
latfcd out and bacterial counts made to see whether the number of 
l^cteiia and the amount of COj produced could be correlated. 

It was considered advisable to determine also the total nitrogen 
loi'g ammonia, nitrites, nitrates, etc. Besides, samples of 
oil were taken from each nitrification jar for determining the 
noisture content, loss on ignition and humus every week. 

Charts VII, VIII and IX and Table I show the results which 
inay, in general, be set dovm as follows. 

The, nitrate curves (Chart VII) fully confirm the results 
obtained in the previous two cases ; fresh cow-dung shows practically 
DO nitrate formation, while urine shows the higliest. The addition 
of straw, as in the previous experiments, lowers the .amount of 
nitrates. 

The 00-2 production (Chart VIII) shows practically an 
inverse order as regards cow-dung and mine, cow-dung giving a 
much higher amount than urine. As regards the effect of addition 
of straw on GO^ production, it may be observed that increased 
amounts of CO^ are produced where straw is added as in the case of 
the control plus straw and urine plus straw a.s compared to the 
corresponding lots without straw. In the case of cow-dung, howe ver, 
no such marked difference is observable, which may be explained 
by the fact that cow-dung itself contains a large (piantity of un- 
iigested cellulose material ; a further small addition in the shape of 
straw does not therefore affect the results to any great extent. 
The fact that nitrate ciiiwes and CO, curves are in the inverse order, 
and further that the addition of straw while lowering the amounts 
of nitrates leads to increased production of CO, needs to be empha- 
sized. Previous witers have, on account of the similarity of curves 
for nitrate content and CO.> production, tried to justify the mew 
that the two processes are related to each other. It will appear as a 
Ksult of our experiments, however, that these two processes are 
Sot necessarily correlated. 

3 
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Chart IX illustrates the curves for bacterial numbers. A com- 
parison of this chart with the previous one of CO^ production shows 
a close similarity between the two sets of curves, which leads to the 
inference that the CO^ production is directly related to the bacteria] 
numbers. 

Figures for total nitrogen are given in the accompanying table, 
Table I. 


Milligrams of total Nitrogen per 100 grm. of soil 


Treatment 

Original 

1st week 

2nd week 

4th week 

6th week 

Stli week 

Soil control 

57-4 

57-4 

57-4 

57-4 

56-0 

o6‘0 

SoiH-straw 

60'2 

60-2 

00-2 

60-2 

61-6 

61 '6 

Soil-t-oow-dung 

75-2 

70-8 

79-8 

81-2 

81-2 

81-2 

SoU+cow-diing+straw 

78-0 

82*6 

81-2 

82-» 

88-2 

8(j-8 




70-0 

68-6 

72-8 

714 

Soil-f urine 







Soil-t-urine-t-straw . . 

75-2 

79-8 

79-8 

79’8 

82-8 

79-8 


It is interesting to note that the figures for total nitrogen deter- 
mined weekly are higher in those eases where there is less nitri- 
fication (e.g., in all those cases where straw has been added), 
and in order to account for this fact, it requires to be investigated 
whether there is any loss of nitrogen during nitrification or whether 
there is greater nitrogen fixation with the cellulose materials. 
A third alternative possibility, which lias to be considered, is 
that the method for estimation of total nitrogen (vvhich is 
meant and supposed to include nitrates) may be at fault. It is 
necessary, therefore, to examine critically whether any loss of 
nitrogen occurs during digestion, when nitrates in unusually greater 

quantities are present. , , 

It may be mentioned that in the method used for determining 
the total nitrogen in the soil, copper sulphate was used instead of 
mercuric oxide, as this was recommended by Scott^, and also because 
it was found that the use of the latter consistently gave lowt 


‘Scott. Standard Methoib of Chmical Amlysii. Second Ed., p. 2!)'- 
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figures, whenever both the methods were ;■ ■ 

Piisa soil. Whether this result is 

oxide remains to be seen. *”ipunties m mercuric 

The only other feature of interest in the rest of , 
results-is that about 50 per cent, of the total u analytical 

to. the le^ i. comfc«l wi,h |i J '» I* 

By way of anticipating criticism it miulit K u 
ffliile the biological decomposition of organic matt 
recognized to be of fundamental importance to soirt 
nevertheless questioned by many whether a i 
field conditions, of the processes leading to tlie l' 
organic matter, and the assimilation of the resultmr^T^’"'' 
the plant, is of any real value. According to this Lf 
still le.s3 importance attaches to analytical fiimr. u." 

,tmt k Midat once ttolabomlonTesnlte.n, „ ,,''5?''' 

„ 1. p.t f.™ri directly applicble to Sold J 

an essential difference between laboratory and held oh!t , 

but each has got its own value. Whereas the fipM 

record the combined result of many h r ^ 

each of which it is not possible to distinguish in L hdd ifl' 

be mve,stigations m the laboratory give the results of eacforS 

actors siugly under rigidly controlled conditions, all factors except 

! tept constant. Attention might 

be calH for instance, to the observed differences in nitriheafen 

• idcMnt tusues of gteon m.nmms alcdv desetikd in a 

rlTt d'T >*”« My 

.U.k e, IT "*'* i" tk' 

■p * r ,b k'“ ““j 

P wh some other factor like rainfall. 

>b ^ at" 

also ill ®rences in nitrification, described in this paper, 

— _^^®wa^jn^is to distinguish between the separate effects 

^ Joshi, K, V. A^' 7 F " _ 

95-113, ' °/ tniio. Special Indian Science Congreca No., 1919, pp. 
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of the two factors which are involved in mamiring with ohjanic 
nitrogenous fertilizers, viz., the fornration of nitrates, and tUj i],j, 
provement in physical texture, each of which must aSect to a > irtain 
extent the crop-producing power of the soil. 

In order to discover how far the analytical results of iiitiij. 
cation tests are related to the crop-producing power, pot expei iments 
with leguminous and non-leguminous crops are being carrird 
with dung and with urine added to the soil in the same proportion 
as that employed in the last experiments. These experiments are 
intended to elucidate how far crop production is influenced by 
variation in nitrification, and also to see what effect physical ini. 
provement alone, without any nitrates, has on the crop-producino 
power of a soil. 

The results of the experiments detailed in this paper may now 
be summarized as follows : — 

The opinion expressed in a previous paper that non-nitrogcnoiit 
materials, like cellulose, lower the amounts of nitrates formed irom 
the organic manures in which they are present in a fairly large pro- 
portion is confirmed by experiments with corv-dung, sheep-fold 
manure and urine. 

Urine gives the greatest amount of nitrates, whether in fresh 
condition or when fermented under aerobic or anaerobic conditions, 
and so it can be- used imnrediately or after keeping. Urine, ii 
kept exposed to air, loses some oi its nitrogen. It is tlierefore 
advisable to store it in siicli a way as not to be acce.ssible to 
air. 

Cow-dung does not nitrify in fresh condition. It, however, 
improves by storage and becomes nitrifiable after storage under 
both aerobic and anaerobic conditions. Tlic relative losse.s iiiidei 
each of these coirditions require to Ire more accurately determined 
before finally deciding which of these conditions is better so far as 
nitrifiability is concerned. 

Kesults with sheep-dung indicate that mixture of dung and 
urine in the manure pit is not desirable from the point of vk''' 
nitrate formation, and also on account of the possibility of greater 
losses of nitrogen from such a mixture under partly anaerobic 
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or even in a compact 


cor. 
liea]). 

The two processes of nitrification and of CO ■ 1 . ' 
though sometimes found to correspond with each other 

„ W co^W,- ... beti: r 

as to the relation of crop production to nitrification It i. h 
that the experiments now in progress will clear up this point. 



COMPARISON OP SALT LANDS IN THE DECCAN 
AND IN SIND.* 


V. A. TAMHANE, M.So., L.Ao., 

OJ the Bombay Agricultural DepartmetU. 

Origin of salt lands in Sind and in the Deccan. 

The origin of salt lands in Northern India, such as that intte 
alluvial tract of Sind, and in the South Deccan, which is a trap 
area, is rvidely different. In the one, the soils, which are, trans- 
ported, show in vertical sections that the layers of alluvial deposit 
often vary greatly. It is not unusual to find in such sections 
layers of pure sand alternating with those of pure clay, Tk 
layers themselves usually differ very much in their thickness. .Ul 
this indicates that the nature of soils in such alluvial tracts can 
scarcely be uniform, with the result that the development ot salts 
is also very irregular and even a smaU piece of land measnrmg 
a few gunthas (40 gunthas^ona acre) is often seen studce m 
patches of alkali salts whereas the rest of the field as noma j 
good land. In places like those of Sind where the rainfall almost 
negligible and where the sub-soil water table is much more t an 
ten feet below ground level, the development of salt is neitier 
due to water-logging, nor due to the sub-soil water ta e ei 
within the range of capillary power of the soils, which is genei ^ 
found not to exert a pull of more than four feet on the sii 

water. , . ■ 

Inundation flood, which is the chief source of 
present in the northern parts of Sind, supplies water lor 

* Paper read at the Seventh Indian Science Congress, Nagper, l-l-O 

( DO ) 
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during the months of June to September. After that severe 
extremes of weather follow Excessive cold in rvinter and scorching 
teufc m the hot season help a great deal in the disintegration of 
sod particles through which water moves in the downward direction 
during inundation season and in upward direction for the renrainimr 
eight months of the year. It is this downward and upward move 
ment of water in the upper few feet of the soils which is responsible 
for the formation and deposition of salts in the alluvial tract of 
Sind. 

In the Deccan the soils are mostly formed in situ by the dis 
integration of trap rock, and in vertical sections of soils all the 
stages of disintegration of the rock can be seen : such as the soil 
mwum or half disintegrated trap rock forming the sub-soil and 
below it hard rock unaffected by the natural agencies of weathering 
It 13 on this account that the soils in the Deccan are not so variable 
in their nature as. the soils in Sind and the patchy nature of salt- 
affccted land is not so common (though not altogether absent) 
as it is in the north of Sind. 

The origin of salt lands in the Deccan is to be found in the 
general rise of sub-soil water table which has risen so high after 
the introduction of perennial canals as to be within five feet from 
the surface of the land and oftentimes even less than this. In 
such cases the sub-soil water constantly rises to the surface by 
capillarity and evaporating there, leaves the di.s 3 olved salts behind. 
The lands in the Deccan are, moreover, not so level as those in Sind, 
so that the soils on lower level are more affected by seepage and 
water-logging than those on higher level. 

Hatdbe op alkali salts in the Deccan and in Sind. 

In the Deccan alkali salts are mostly formed by the disintegra- 
tion and decomposition of trap rock, which is known to be one 
0 the hardest of the coimiiou rocks. It is, however, found to yield 
Wmparatively easily to the natural agencies of weathering, being 
^ one time covered under the water of the flowing river or canal, 

® and at other time being exposed to the heat of the sun. Prob- 
y the soluble salts in the river and caual water also help the 
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process of wentliering. The trap rock being thus the origin ot 
salts, it is interesting to know the nature of salts found to form 
from it during the process of decomposition. 

The following table shows the nature of the river and raia] 
water which always comes in direct contact with th; tan 
rock 



Karha river 
water at 
Jejuri. 
l^arts per 
100,000 

Nira Canal 
water at 
Pimpra. 
Parts per 
100,000 

Cak-iutn carbouatc . . 

U-00 

8-00 

Maj^ucsiuui carbonate 

8-00 

Sodium carbonate . . 

o-OO 

i-00 

Sodium bi-carbynalo 


Calcium sulphate . . 


iVOO 

Magnesium sulphate 


4IX) 

Sodium sulphate 

4*00 


^Sodium and potassium cliloride 

lUOU 

O’OO 


lO-OO 

aioo 


The trap rock, which under the influence of such wator dis- 
integrates and decomposes, was found to liberate the following 
s.ilts in the proportion given below 





Slightly dis- 

Muclulkiu- 




integrated 

tcgratfil 




trap rock 

trap rock 




% 

0 / 

,v 

Total soluble salts 



1T3 

1-15 

CoMPuarnos of salts 





Calcium carbonate . . 



18-jU 

2‘t)() 

Magnesium oarbonato 




1-31) 

Calcium sulphate . . 



lH-20 


Magnesium sulphate 



12:i() 


Sodium sulphate 



28-50 

] 2-.ua 

Sodium chloride 



2 : 1 -90 

si-.'o 


I 


This shows tliat sodium sulphate and sodium chloiide P“' 
dominate over all the other salts when trap rock is lUideigoiaS 
decomposition. 
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It is interesting to compare with these amlv.P« c 
ar-dyses of salts found in the scrapings from baiL s h 
Bnramati in the Nira Valley ^ 


: «c«i.insJ s™,,mgjl 


Total salts in di-y yoii 



y-70 

Composition of salts 




Calcium carbonate . . 
Calcium sulphato , . 
Magnesium sulphate 

Sodium sulphate 

Sodium chloride 



5-40 

3-40 

2-30 

48-70 

4(1-00 


37 'UU 


0’20 

0-3U 

KS-'JO 

]-J 0 


The* Bg«m .k. ,k„„ , ; 

.nd srf,™ chlond. ,u ,h. c.,„p«„„ „ ,4,,,. J « 
batren salt lands of the valley. 

Th. Wlowkg a., some of ,ha (ypioal 

»« parteukt aiMta .-hfch ah„,v ,L, pa*,;., ^ ^ 

banen land commonly found near JIalad in Baramati 

: ■■^rOT'v.THi.QoacBOf. , Bak»-v " 


Total salts in dry soil 

Composition of 
SALTS :— 

Calcium carbonate . . 
Magnesium Carbonate 
Sodium carbonate . 
Calcium sulphate 
-Magnesium sulphate 
•’Sodium sulphate 
Calcium chloride 
-Magnesium ohluridp 
^odiiiiii chloride 


Surfacc-3' 

r~r 

O' 


.0 

.0 

0-39 

U-22 

3W 

12 90 


5 00 

4-40 

8-00 


3 ’-a': Surfac.f- 3 ' 3 -.,y 'surfaoc-s* 3 '-.j- 


20-00 

O’lO 


02*20 


4-20 

40*50 


10 ‘»0 


Ood 


2-40 

1 -liO 
37 -.‘{U 
20 -,'*0 


7 -<‘i 0 

21 - 2(1 


U’do 


2-00 

7-fi(J 

aS *20 

22-00 


50 -d 0 


3-jiU 


0 - 2 U 

-iliu 

2S-(iU 


10-20 

13-10 

41-00 


1 -ULl 


2-40 

lio 

12 -oU 

8-90 

8 -:io 


00\)0 


ate of Sind, the alkali salts 

deposit r Pro'll a.i>.y particular rock as the alluvium 

« here is of a varied character, being a mixture of 
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disintegrated particles of various rocks existing on the top 
of the Himalayas and down in the flats of the Punjab. There 
is therefore no particular rock whose decomposition products 
can be compared with those of the trap rock of the Deccan, 
the alkali salts in Sind being decomposition products of the 
alluvium itself. 

The waters of the Indus and its canals which come in direct 
contact with the alluvial deposits gave the following analyses when 
the waters were collected during dry season 



Indus water 
near Sukkur 

Water from 
the Hiral 
Canal 

Total soluble salts . . 

Parts p 

30-00 

cr 100,000. 

22-00 

CONTAISISO 



Calcium carbonate .. 

5-01 

6-24 

Magnesium carbonate 

12'72 

Tse 

Calcium sulphate .. 

Magnesium sulphate 

T'93 

6-83 

Calcium chloride 

3-25 

Magnesium chloride 

6-8() 

Sodium chloride 

1T6 

1-78 


The following are some of the typical analyses of alluvial 
deposits which are not yet injured by the accumulation of harmful 
salts 



Good land 
under cotton. 
Soil 

aurface-C* 

Good garden 
land. 

Soil 

surface-B" 

Good land 
under wheat. 
Soil 

8urfaec-0' 


o/ 

/o 

% 

i'/ 

/o 

Total Soluble salts 

013 

0-21 

0-30 

CONTAI.VIKG 




Calcium carbonate 

0*05 

0-05 

007 

Sodium Carbonate 


0-02 

002 

Calcium sulphate 


0-01 

0 02 

Magnesium sulpliate 

001 

0-02 

O'OS 

Calcium chloride 


001 

Magnesium chloride 

0*05 

0-04 

Sodium chloride 
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Scrapings from barren lands of different , n- u 
be clearly distii^uished by the presence nf 
‘ kalar ’* gave the following composition 


Total salts in dry soil 

Composition op salts : 

Calcium carbonate 
Sodium carbonate 
Calcium sulphate 
Magnesium sulphate 
Sodium sulphate 
Calcium chloride 
Ma^esium chloride 
Sodium chloride 


I. 

White kahr 
at Sarhari 

11. 

Black kdur 
at Sukkur 

0/ 

/o 

24-60 

«/ 

/o 

20-24 

013 

O-IO 

0-73 

ii-io 

113 

9*12 


10-«i 

83’-84 

14-2! 

60-T8 


III. 

Black kalar 
at Xawabshali 


7-80 


0-39 

013 

9-78 


22-46 

21-11 

46-10 


It IS clear from these figures that chlorides form more than 
80 per cent, of the total salts of which sodium chlonde is moie 
than 45 per cent. Sulphates are present from 9 to 14 per cent 
of the total salts, and in the white Mar sodium sulphate ils present 
to the extent of 9 per cent, of the whole quantity of the salts. 
Sodium carbonate forms only a negligible quantity of the total 
salts which shows that the Irahr of Sind is not of a verv 
type. 

A very remarkable thing that conies out of these analyses is 
the fact that sodium carbonate is not a necessary constituent of 
black kahr. It is usually supposed that sodium carbonate has a 
caustic action on the organic matter of the soil which gives a black 
appearance to the surface soil and hence the name black Mar 
to sodium carbonate, so that black kahr means sodium carbonate 
hiom the above figures, however, it will be seen that No. 11 does 
not contain any sodium rarbonate at all and No. Ill contains only 
a veiy small quantity, and yet the appearance of the surface soil 
at both these places is sufficiently dark to distinguish the spots 
ected by black kahr. The on ly salts in No. II and No. Ill 

different parts of India to moan salt 



4l6 


AGElCULTURAL JOURNAL OR INDIA [XV, ;V. 


to which the dark appearance of the soil may be due are calcium 
chloride and magnesium chloride. Of these, the former is ki',oi\Ti 
to have corrosive action on organic matter.^ The black hilar os 
Sind soils, therefore, does not contain any appreciable quantity of 
sodium carbonate but contains a fairly large quantity of calcium 
chloride and magnesium chloride which are not injurious to plants 
like sodium carbonate or sodium sulphate. 

On comparing the difierent types of kahr in Sind with those 
of Iona in the Deccan it will be at once clear that the salt 
efflorescence in the Deccan contains comparatively a very large 
proportion of sodium sulphate, whereas in Sind sodium chloride 
predominates over all the other salts. 


Resistance of crops towards salts. 

In the Deccan the ordinary black soil does not usually contain 
‘ more than Ol per cent, of soluble salts, but this does not necessarily 
mark the limit of salts up to nhich crops can be grown, Several 
crops have been found to resist the effect of salts much beyond 
this quantity, and the following are some of the analyses uhicli 
indicate the limit of tolerance shown by some of the ordinary 


crops. 


- 

Sugarcane. 

Soil 

surface-j" j 

ChoH-li (Vigna 
catjang). ^il 
burface-4' 

Mol! (Dolichoa 
lablab). Soil 
burfBce-4'' 

GiHin {(.iL'er 
arit'timmij, 
Soil sui'facs-r 


O' 

/O 

O' 

eO 

O' 

/O 

0 

,0 

Total salts in dry soil • • ■ 

I'jb 

0*43 

U-42 

0*42 

Composition op yALitj: — 





Calcium carbonate 

Sodium carbonate. 

Calcium sulphati^ 

Magnesium sulphate 

Sodium sulphate 

Sodium chloride 

6-St> 

1300 

100 

25W 
i 23 30 

]2«2 

0*97 

330f) 

28*63 

8*74 

1602 

4*76 

5*00 

3*33 

y’)3 

37*86 

19-52 

0'24 

1-19 

30-70 

15-24 

20-49 

27-14 


Of these crops sugarcane was growiig excellently, being also 
supphed with heavy manuring. Choiph and Wal were doing fair) 
well and gram germinated well but failed later on. 


^ U. S. A. Bvreau of Bvlktin No. 34 
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Lakh {Laihyrus sativus) and Udid (Phaseolus radiatus) were 
■ uilarly found to fail in a soil containing 0'48 per cent, of soluble 
iits of which sodium sulphate was about 66 per cent. 

' The following are a few of the analyses of tiind soils showing 
iximate limit of tolerance of some crops towards salts contained 


appro: 

in the soil :■ 


Total suits in 'lO'soi' 

C01tP03lTICil? OF SALTS : 
Calcium carbonate 
Calcium sulphate 
Magnesium sulphate 
Sodium sulphate 

Calcium chlorine 
Magnesium ohlonde 
Sodium chloride 


Rice. Soil 

snrface-li'' 

Lath (l-atliy- 
rus sativus). 
S<rtl surfacc-0* 

(Vilton. Soil 
KurfacC'tj" 

Wlioivt. Soil 
siU'fiU’v-O''' 



O' ! 

n' 


,0 

/O 


1-66 

(1-01 

2-10 

3-00 

S-IG 

18-04 


1 1-14 

8*87 

Hi-94 

51 92 

22-0.5 

urw 

’27 ol 

10-20 


18'9C> 


U-74 

18-25 


2d-.^4 


IC-So 

1 

lG-04 

Ifl-2.3 

42-21 


The resistar.ee oi nee aup lu^vuiuo 

knoira from the fact that several rice varieties are grown on ereek 

water in Konkan near Bombay. 

In Sind on Larkhann farm, saline water which could ju.st 

maintain rice crop was found to contain the following amounts of 


salts 



Water conlined iu rice cro]). 
Parts per l(Kl,0li0 

Total soluble salt'* •• •• •• 1 

1)40-U(t 

i 

CoyTAINIKG: — 


Calcium carbonate . . 

filpOS 

Calcium s’lljihats . . 


Magnesium sulphate 

Sodium sulphate 

742-5(» 

Sodium chloride 



The above is only an -attempt to show approximately the Imut 
ot tolerance of seveml crops towards salt efflorescence m sods. 
Other factors such as frequent irrigation and consequent ddution 
during different stages of growth of the crops ^^ould luateria y 
modify the results. 



BY 

U. VITTAL RAO, L. Ae., '' 

Assistant to Government Sngarcane Expert, Madras. 

Habit of plart an important character in all cultivated 

CROPS. 

Habit of plant is a character of considerable importance in 
all cultivated crops. That each individual plant should be able 
to make full use of the air and light available to it without inter- 
fering with the growth of the neighbouring plants is a condition 
imposed by agriculture and the closer approximation of the indivi- 
dual plants which agriculture implies. Again, the habit of plant 
has often a direct bearing on the position of the produce at time 
of harvest. A cotton plant in which the lateral branches spread 
on the ground and bring the kapas in contact with the soil, dirtying 
it and thus depreciating its market value, and a paddy plant, 
which, by its spreading nature, allows its ripe earheads to trail on 
the ground, are obviously unsuitable for cultivation. 

Particul.ar importance op habit in sugarcane. 

Habit is of special importance in the case of the cultivated 
sugarcanes. It is a long duration crop — occupies the land for 9 to 
14 months in India, and even as much as 24 months in other 
countries like Hawaii— and if the neighbouring plants should sbov 
a tendency to get entangled with each other, the inter and after 
cultivation of the crop such as weeding, earthing and irrigafioii 
are rendered difficult. Secondly, it is accepted on all hands that 


* Paper read at the Seyenth Indian Scicneo Congreas, Najpur, 1920. 

( ) 
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. :.JeeJ «« rapidly d.s.«rap» i„ 

i. d!P».K«. Ir^rr. 18«. ,.y., "n.j.i,, .1 falk„ 

.gam separate y .ill. th. ' 

„« generally pr,p.,li„„ ^ >1 ‘ 

of glucose than was found m the standing eanc ” Third! ^ n i 
habit in the cane leads to the formation at the time of harvL 'id 
crooked and curved canes, which is a serious disadvantage from 
the factory pomt of view, as it seriously interferes with the comnac^ 
packing of canes on the hopper. In sugarcane, the ideal would 
therefore, be o aim at getting a variety which will consist of a 
series of parallel erect canes. 


Hilir OF TBE MM SHOOT PHMNO The E,,k„ 

Dming tho ,.,ly y,.„ n, s,,gam„, Breeding g,.,i„„, n, 
depressed habit of the Madras seedling, M. 2, was studied by Dr C A 
Barber, C.I.E., and Eao Sahib T. S. Venkatraman, and the results 
were presented in the form of a paper at the Madras Session of this 
Censes, in the year 1915, It ..a Itete proved that the d.p, eased 
habit in the particular Madras seedling was an inherent chmacter 
resulting from geotropism. This year the study was extended to 20 
varieties, chiefly the indigenous Indian canes belonging to the 
various groups classified by Dr. Barber in his Memoir “ Studies in 
Indian Sugarcaues, No. 3.” Four buds were put dowm for each 
variety, hut owmg to casualties and other abnormalities in growth 
caused by shoot borers, etc., only 37 plants could be studied to the 
end of 87 days from plantmg, and the results are here given. 


Staiement showing the actual plants studied. 


Group 

Variety 

No. of buds ^’o. of plants 
planted examined 

'Thick canes 

J-247 


N.ARG0Rr 

Nargori 

Mauga 

Kat^ 

* 1 

1 1 


Kewali 

4 ! 2 

4 « 

— 

Carried over , . 

20 , 
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Group 

# — 

.Variety 

No. of buds 
planted 

Ko. of pk.its 

examined 


Brouglit fotwavd 

20 

10 


Kuawar 

4 

2 


RamRol . . • • 

4 



Matanwar . . 




Parana 

4 


Pansahi 

Sartachi 

4 

4 


Kahn 




Tiata . . 

4 > 

2 


Maneria 

4 

— 


Pansahi . . 

4 


Sarktha 

Katha 

4 



lAalri 




Kansar 

4 



Dhaur Sarelha 

4 

2 


Khari 

4 

3 


i Hvillu Kabbu 

4 

4 


1 

1 Total 

80 

1 


XoTfi.— Siinnnliilo (jrfiHp was left out because of great variation in ita components. 


The main details of this paper are found in the Memoir “ Studies 
in Indian Sugareanes, No. 2,” page 138. 

The buds were planted in tile pots with a lateral hole as seen 
in Plate XXII, fig. 1, and the angle of the main shoot was measured 
by means of an instrument (Plate XXII, figs. 2 and 3), being a copy 
of the one in use at the Paddy Breeding Station under the control 
of the Government Economic Botanist, Mr. F. R. Parnell. Tlie 
observations were commenced on the 15th day from planting and 
continued to the 87th day, when it had to be discontmued, as it 
was felt that the tile pots were too small to keep the plants any 
further in a healthy condition. A more extended series, with the 
plants growing in big sized pots, is being laid to enable a continuation 
of this study up to the har^rest of the canes. Each day two observa- 
tions were recorded, one in the morning at 8 a.m., and another 
in the eveningat 3 p.m., but as little difference was noticed betrwen 
the two observations on the same day, only the morning observation 
were taken for study. 

The curves in Chart I were plotted from the bi-weekly averages 
of the daily angles of the varieties in that group. Note the greP 





CHART I. 
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diss'milarity between the curve for the Sovofi, 

foi the difierent group, during the course of the exp^tenr^^' 
It IS interesting to note that, in Nargorigroun ii 

i.tkle»t, and S.retla group, tke ,„rsi 

.«» not only the g,,.« ,,™ 

*ra, « .1 Ik J 

Straightness of canes at harvest in the dii-fekent groups 
OF IXDIGEXOl'S OAXES. 

For a.™ inn. th, .traighln.,., 

ta .« recorded .1 lire S„g„r,« Breeding B.* 

detarled note, on the relative ,„.igh,„., „( “ 

..0 eanea of each variety .red be laid on tl.e g,„„„d „d 
gene,, note .corded on tire lot .. . ^ 

.vadable but they fall roughly i,„„ three ,1,3,0. (1 ) ' 

rtb htll, or no curvature armvhere ; (2) elightiv „„ved "ie" 
■rhowurga slight ciirviiig at the lop or the i,„; ( 3 )e„„ed.' " 

The table on next page gives the numhor of varieties classed 
.mder the three heads during the years 1917 and 1919 vhen th! 
crop was groivn in the same field. In the year 1918 (he canes 
were badly lodged and so the notes are not reliable. 


4 
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J. 247, Nargori and Mungo groups which show comparatively 
jjitle variation in angles in the growth of the main shoot show a 
larve number of varieties with straight canes. Saretha group is the 
rQVSt and I^ansahi group occupies an intermediate position. (Plates 
XXin and XXIV.) 


The inheritance of habit in sugarcane seedlings and attempts 
TO IMPROVE IT by CROSSING. 

Bad habit, in a seedling bred for North India, was early realized 
to he a possible evil to combat with and, if possible, eliminate, and 
attempts were made even from the start to collect data to determine 
the mode of inheritance of this character among the seedlings 
raised from the same parentage. One of the most startling facts, 
brought out from the raising of cancs from seed, is the great diversity 
that is noticeable in seedlings raised from one and the same parent, 
and this may be said to form tbe main basis on which the production 
of a seedling better than tbe parent depends. 

But through all this diversity in tbe resultant offspring there 
is often traceable a certain amount of broad similarity among 
the seedlii^ of one and the Same parent ; and this similarity often 
expressed itself in the form of a similar habit among seedlings of 

the same parent. ■ , 

From the tables below it is seen that whereas the seedhnga of 
the Saretha group (Plate XXV) show a particularly bad habit 
sinulat to that of the parent, those of the Snnnabile gi’oup, for 
instance, show a better habit agi'eeably to the better habit of the 
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Inheritcfnce of good habit in seedlings of thick canes and 
Sunndbile group. 

I Remabks 

Parentlasgooj 
habit and a 
thick oane 
Do. ,lo.’ 
Parent hayt 

' rair, beloBgg 

™ SiiiinabJe 
group. 

It is liowevei fortunate that by a suitable crossing it is found 
possible to influence the habit of the resultant seedlings. The 
table hereunder shows that the habit in seedlings is, to some extent 
controllable by proper selection of the pollinating parent, though 
it should here be mentioned that the peculiarities of the sugarcane 
flowers makes it impossible to attempt this improvement of hahit 
in alt cases, 

Influence of crossing on habit. 

Year Parentage 

1916- 18,, Jfauritius 1237 X 

i .\I. 4694 d 
I Mauritius 1237 X 

I JI. 7319 8 
\ Mauritius 1237 X 
! Saretha X 

[ s. spt. 6 

1917- 19.. ' J. 213 X .Java 

(Hebtial) 

I Do. X Purple 
i Mauritiu.s <5 

! 

j Do. X Katha c? 

I Do. X Kansar (S 
i Do. X Sarothac^ 

Note. — Mother Mauritius 1237 lias a gotxl habit but it gave no selfed seedling becauj'e of 
Infertility of its own pollen. 

J. 213 has fair habit but it gave no selfctl scetllings because of infertility of its own pollen, 

My thanks are due to Rao .Sahib T. S. Venkatramaii, B.A.. 
Acting Government Sugarcane Expert, for giving me all facilities 
and encouragement, 


Ooorl Fair Bad „ 

''“Wt l>aUl habit 


21‘6 2‘9 1 M. 469-1 habit good 


,V0 23*b .. j if. 7310 habit good. 


I'>0 39-() 51 -7 


9 ’3 Sar X 8pt. lad 
habit. 


li 7.5 ‘3 23’C i -Tava fair habit, 


0-0 70-6 29 ‘4 P. Mauritius fair 

habit. 

0 0 47-1 52'9 Katha bad habit, 

2-6 .50'0 I 47 ‘4 Kansar bad habit. 

0-0 40-7 I 59-3 Sarctha bad habit. 


Year ' 

j 

! Seedhngs 

; No. ' 

■ planted ^ 

Good 

habit 

Fair 

habit 

Bad 

habit 

191^17 

. . Red ribbon G. C. 

100 

O' 

39-0 

% 

1 4o'7 1 

0/ 

/o 

15'3 

1917-19 

J. 247 

.. PutliKhajee 

200 

100 

45-3 

14-3 

48*0 

:9-6 

6-7 

6'1 
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C. A. BARBER, C.I.E., 8o.D., P.LB. 

Ill 

ifiE presence of roots and shoots on the joints of the cane at 
( rop time is, as we have seen, unwelcome. The new groAvths are of 
course useless for sugar making, an.d their presence in quantity 
lowers the purity of the juice at the mill. Be.sides this, all the 
joints in the neighbourhood of lateral shoots have a good deal of 
their stored sucrose cha)>.ged into glucose, which is the form in 
which sugar travels to supplv (he material for frc.sh growing parts. 
We traced the formation of shoots and roots to cliiiratic causes, 
chief among which was an exce.ss of moisture, to lodging, to any 
check in the growth of the cane, whether by insect or fungus attack 
or accidental breakage, or. lastly, to the canes flowering some 
months before harvest time. Me also noted that some varieties 
of cane are more prone to shooting than others. It isa very common 
phenomenon in diseased plants. In some cases the habit and 
general appearance of the bunch is entirely cliangod, and, in place 
of a few upright, clean canes, hundreds of small, grass-like shoots 
make their appearance (Fig. I). This almormality is apprently due 
to the most various causes. It is suppo.sed to be induced by various 
msects and fungi, by eelworms in the roots, general malnutri- 
tmn, and the presence of alkali in the soil ; but it is often impossible 

Reprinted from the Infmiaiiouti! .Sitgiir ./oKiHd/. Dreemher 1919. 
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to fix the leaponsibility on any one circumstance. It wi'i 
remembered that it is one of the features of the mysterious erei 
disease which devastated the Java cane fields towards the eid of 
the last century. The writer has met with a case in India wfieij 
in a couple of acres, planted with cane for the first time, aju] jjj 
apparently ideal surroundii^s, after 14 months’ growth onh- an 



Fig. 1. A plant with maoj small shoots ia place of a few 
healthy canes- 


occasional isolated cane could be seen, and the whole ficU looked 
very much like one of Guinea grass. A thorough examination of 
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tlie tissues of the affected plants, both above and below ground 
skewed no sign of unhealthineaa or any trace of insect fungus or 
eelw.wm. The subject requires further study to determine the 
fundamental condition of the plant’s economy which leads to this 
enormous development of shoots, which is in many respects simUar 
to the “ spike ” disease of sandalwood. 

Blit to resume our main study of sugarcane growth To 
properly understand this under field conditions, it is necessary to 
examine the constitution of the bunch of canes derived from a single 
planted set, and this is especially the case when we come to consider 
the tillering power of different varieties. We have seen that the 
piece of cane planted has several joints, and that each of these joints 
has a bud which is capable of producing a complete plant. The 
bunch of canes m a single “ hole ” where one set has been planted 
may thus consist of one or more plants, according to the number of 
buds which “ germinate.” The number of separate plants in a 
bunch and their relative size and importance can only be deter- 
mined by dissection. I'his is a tedious and difficult operation, for 
the lowest parts of the canes, where they are attached to then 
mother stems, are often thin and brittle, and furthermore, the 
whole underground part of the bunch is enveloped in an intricate 
weft of tough, fibrous roots, dead and living, which have to be cut 
away before the details of the branching can be laid bare. An 
example of such dissections is sho\ni in Figs. 2, 3, and 4. In 
Fig. 2 a bunch of canes has been pliotographod as it was lifted out 
of the ground, with all the soil carefully picked and Avashed away, 
but the free spread of the roots is somewhat obscured by the 


pressure of the bunch upon them. Upon dissection, this bunch was 
proved to consist of four separate plants, which are shown in Figs. 
3 and 4. In these four plants there were 7, 9, 4, and 8 canes, 
respectively, making a total of 28 for the whole bunch. The latter 
was only nine months old wheir taken out of the ground, but experi- 


ence of many dissections has shown that no shoot not aheady 
forming cane at its base at that tinm can develop rapidly enough to 
f'e of use in the crop, and only such have been taken into account. 
The result, then, of planting a single set has been that four plants 
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were produced, witk an average of seven canes each at harvest 
The bunch was of the Mungo group of Indian canes. 



Fig 2. A bunch of Mungo canes arising from a single set. 
This is a dwarf variety with very short joints. The root 
system is poorly developed and not fully shown. 


There are many lessons to be learnt by thus laying bare tlie 
whole branching system of a bunch of canes. It is easily seen tbat 
the individual canes are not of the same age. Some are formed 
very early in the life of the plant, while others have, so to speak, 
been produced at the last moment, and have barely time to complete 
their growth by harvest, liome of the main shoots are produced 
by the out-growth of the buds on the set, while others are biancks 
of branches of these. As we know from our chemical analyses that 
the character and richness of the juice varies a good deal during tk 
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[if,, of each cane, gradually increasing until an optimum is reached 
and then declining, it becomes necessary to carry our examination 
jmi’ier, and determine the whole scheme of branchiirg. In the 
example given above, we must determine the relative stage of 
(tevclopment of each of the 28 canes forming the hunch, and its 
correct position in the scheme of branching. As.siiming, as a basis, 
that each shoot, if it develops unhindered, will produce one cane, 
ffc juay divide them into classes on completing our dissection. 



Fig. 3. The bunch in text 6gure 1 dissected out to libow that it consista of four separate 
plants arising from different buds on the set. In each plant the " mother " cane 
is indicated by a piece of white paper wrapped round it. 

The shoot which is the direct outcome of a bud on the set is the 
main axis of the plant ; this we term the “ mother ” cane and 
designate it by the letter a. Shoots formed from buds on the 
joints of a are branches of the first order, and We name them bl, 
&3, etc., in the order of their arrangoment from below upwards, 
hiniilarly, the branches on h are of the second order and marked c 
so on with d, e, etc., as far as they appear. In the bunch of 
canes photographed, the four plants have the following consti- 
tution a 4- 3& 4- 3c, a + 2 b + 5c d-,a 4-2b + c, a + 3& + 4c. 
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Taking the whole of the canes of the bunch together, we have 4a -f 
106 + 13c + d, and if we made enough dissections and calculated 
the resultmg- formulae of the different plants, we could obtaiii au 



Fig. 4. Tbe bunch in texthgure I dissected out to show that it consists of four separate 
plants arising from different buds on tbe set. In each plant the “ mother” cane 
is indicated by a piece of white paper wrapped round it. 

average constitution of a typical plant of the group. As a matter 
of fact, this has been done. Fifty-nine dis-section.s were made ol 
cane plants in the Mwiyo group, and the average formula for these 
59 works out as a-p 26 4- 2c -f d. 

A study has recently been, made of many other group.s of ciUies^ 
and the result of this shows that, while there are extreme variations 
in the formula of individual plants, the greater the number of 
dissections, the simpler the average formula becomes. In the 
following table some of the results of this study are summarized. 
In the first column the actual averages obtained in the dissectious 
are recorded, in the second the theoretical formula of braiicliiag 
is put down, which, it is presumed, would be reached by the pifflf* 

’ Barber, C. A, “Studies iu Indian Canes, No, 4. Tillering or Underground ISraiii'I'U'r’ 
Memoin oj the Departmenlof A^fricullure in Mia, Botanical iVefi&s, Vol. X, No. 2, Ju'i'-- 
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[f t!iey had been grown in more ideal surroundings. It is obvious 
thai, for this kind of study, all the varieties had to be gronir under 
iiniijrm conditions side by side in one place. And, as the place 
chosen was in many cases far removed from their natural habitat, 
climate, and soil, they did not grow as well as they were capable 
of doing. The dissections were made at the Coimbatore Cane- 
breeding Station in South India 


FormulcB of branching of different groups of canes. 



We learn from this piece of work that there is a good deal -of 
difference in the branching powers of differoiit groups oi canes. 
The wild Saccharum^ head the list, and, as the cultivated canes 
[Saccliarum offidnarum) must have arisen from a vild ancestor, 
the former have been included. The branching of the wild Sac- 
cknms is the most prolific. The indigenous Indian canes come 
next, and can be roughly divided into two sets. Paiisahi and 
Mungo branch a great deal, Aargori and Sunnabtle much less 
wherever they are grown. Sarelha in its native haidtat (the Punjab 
ttd adjoining portions of the United Provinces, where tropical 
eaBes cannot, as a rule, mature) would bcloug rather to the Pansahi- 
Mungo set, although the dissections show a formula similar to that 
ill iiargori-Sunnabik. Lastly, the thick, tropical cancs branch 
least. It is a matter of common observation that their tillering 
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power IS niucli less tli&ti tlitit of IndiRii cRueSj eind. ttis is cL'ciily 
brought out in the table. It should, however, be stated thti the 
tropical canes grown on the farm were no more at home tha;. the 
North Indian varieties. It Would be difficult to find a place which 
suits both of these classes of cane plants. A set of 12 bunches ot 
well-grown tropical canes was dissected on an estate in South Aicot, 
where they are grown successfully on a large scale for sugar maii.u- 
facture. They belonged to the Red Mauritius variety, wliich is 
known as a free tillerer, and the object aimed at was to deterniiue 
the possible branching of thick canes grown on an estate stale in 
India. The average of these 12 selected bunches gave the formula 
la+ Zb + 3c -f Id, and this may, perhaps, be a more general 
formula for canes grown in the various sugar growing countries in 
the tropics. It may be of interest, in conclusion, to point out thiit 
the Yuba cane of Natal, a member of the Pansaki group of Indian 
canes, was one of those included in the dissections. A good deal of 
attention is just now being paid to this hardy, primitive variety, 
and the extended formula of its branching system is undoubtedly 
one of its main attractions. 



VOTE ON THE EXHAUSTION OF INDIAN SOILS AND THI<: 

methods by which this may be remedied* 


BV 


R. V. NORRIS, D.Sc., 
Ooi'ernmenI Agricnhurnl Cliewitl, Mmlms, 


As a result partly of war conditions ar.d of the shortage o,f 
grain stuffs resulting from the failure of the monsoon a year ago a 
good deal of attention has recently been paid to the present con- 
dition of Indian soils and the crop-yields obtained from these. The 
results of such investigations ha\'e tended on all sides to demonstrate 
that a very serious impoverishment of these .soils is taking place 
ard tlmt energetic steps are necessary to remedy this state of 
affairs. 

Let us consider for a moment the changes taking place in the 
soils. We know that the various plaid foods, nitrogen, phosphates, 
potaali, etc., may exist in the soil in. a number of different forms. 
Some of these will be present as compounds which are of immediate 
use to the crop, others require to undei'go various transformations 
before they can be taken up by the plant. The former class we 
describe as the “ available ” plant food, the latter as the '' unavail- 
able,’' The second term is of course a lelative one, because, as 
I have explained, a certain proportion of the unavailable material 
sloffly undergoes change and becomes available. Now how does 
this influence the crop ? It is obvious of course that while there 
is a plentiful supply of available plant food the soil will be fertile 
other conditions being favourable good crop-yields will be 

’Paper read at U,e .Madras Asricultiiral (\mfm-ncc l!U‘J. lU-priiilfd from llic Josraal 
Madrai Agricultural tUludents' I'nion^ Oeccraber 1010. 
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obtained. If this food supply however is not maintained by % 
addition of appropriate manures there will be a regular falli)ig 
in yield until eventually a state of balance is reached when the 
plant food removed in any given crop is equal to the amount ot 
unavailable food rendered available during the time of g^ovlli, 
The yield obtained under such circumstances is of course vety lo,. 
and we refer to it as the “ minimum cropping value of the soil.” 
Owing to the relatively large reserves of plant food present in 
practically all soils, this low figure will remain practically unchanged 
for very prolonged periods. I have gone into these very elementary 
details of soil chemistry with which most of you are entirely fa miliar 
because it is sometimes argued that since many Indian soils go on 
producing year after year a fairly constant yield there is really 
little cause for anxiety. You will readily sec that such an argument 
is fallacious. It simply means a very large proportion of these 
soils have already reached this minimum cropping value which I 
have just described, that is to say they are producing year after 
year crops far below those w^hich could be raised after reasonable 
manurial treatment. 

Now to meet the shortage of food stuffs to which I have already 
referred, there has been a vigorous demand in many quarters for 
the adoption of more intensive methods of cultivation and for the 
introduction of heavier yielding strains. Now both of these are 
eminently desirable things, but it is necessary we should realize one 
result of their adoption. It is perfectly obvious of course that the 
introduction of more prolific strains moans we shall remove plant 
food from the soil at an increased rate. Similarly by more intensive 
measures of cultivation we shall increase the rate at which our 
reserve plant foods are brought into use and lead m this way to a 
more rapict depletion of our stocks. In other words, both these 
methods alone while giving us a momentary greater retiiin w . 
unless accompanied by proper mannrial treatment, 
lead only to a still greater exhaustion of the soil and the na 
will again fall to the minimum value. The more intensive ou 
methods therefore and the more prolific the strains We empoj, 
more imperative is the necessity for an extended and judicious u 
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of fertilizers. It is obvious that these fertilizers must bp , • 
systematic and rational method. If a soil i, .i e 
nitmgen and phosphate such a soil will derive but littl T 

by bhe pk.spb.te w, .„y » tel ! " 

S'””' *» "fitej, p..i.,«cd 

„a,™ ..Utemmg .» particla, typ, .f pl„i 1,^ 

te . mote P.p.d cri,aust,.„ of tke .,b„ I*® 

hence ultimately to a reduction of fertility. 

It Is piobably n«l ge»„||y 

stes..t»n m W. ha. ahcady pte«„W, „ , - , , “ 

two figures to illustrate the point. 

I« Madras « bav. dark* kat 
»,1 oUh. paddy la* „t ,h. Pr„„, LI , 

p,«nt t,ms hav. cmpkted ...1 a survey i, 

iltas namely. Grmtar, T.nj.r,, !<«,„, fed.vert 
-vsy hte had a. one ,, it. p..*,., ■ 

.w fa, hes. ...Is m need .1 m.mediate 
The res. t. are o.rta.ky mstraetive. (Wid„,„j .j. 

De ., *hmh , a generally considered t. e.nlam 

lertile land m the Ptesidenty, we Snd nevertheless that 23 wr eent 

of the sample, analysed show a rielieieney in available phosphate' 

emtelt'’" 

The Kistna Della gives slightly worse Bgirres, 3.5 per cenl, of 

he samples exhibiting phosphate stamtion and 55 iwi cent loek 

of nitrogen. 

In the remainmg two delta.s the situation is e\en more serious 
the figures being as follows 


Ucliciont in nil rogrtu j Delii iom plKir phat e 


•jiintur 

Tanjore 


1 or cent. i Percent. 

: :« 

SO 


reasonTTr"^ liardly necessary and theunTuo 

to believe that many of the other paddy lauds of the 
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Presidency are in any better condition. If we remember that an 
increase of 5 per cent, only in the average yield' would proviih' 
extra 1,000,000 tons of ricea year in Madras alone, we can realize to 
some extent what the annual loss is in the whole country iu this 
and other crops. 

Examples such as the above could be brought forwaid i), 
numbers. C'louston, in a paper read at the Indian Science Congress 
in 1918, stated that the four chief soils of the Central Provinces had 
in most districts reached a state of maximum, impoverishment. 
In one of his experiments by an outlay of E,s. 33 per acre on manures 
in cane, the net profit per acre was increased by no less thanPs. 146, 
i.e., over 400 per cent, the cost of the manure applied. In a similar 
way Davis has emphasized the critical condition of many of the 
Bihar soils as regards phosphoric acid content. 

We may then, I think, take it as a fact that a very large numhei 
of Indian soils are already exhausted or approachin.g that state, 
We must pass on to consider what are the chief requirements of such 
soils and the reasons why under present conditions these require- 
ments, urgent as they are, are being met to such a small extent. 

In the examples I have quoted, we have seen that the deficiency 
chiefly consists of nitrogen and phosphates and this may on the 
whole be considered as applicable to the whole of India though 
certain districts-of which the Xilgiris and Malabar are examples, - 
are also extremely deficient in lime. Let us consider first of all the 
nitrogen question. Xow nitrogen, like other plant foods, exists 
in the soil in available and non-available forms, the most available 
form, nitrates, being produced from complex nitrogenous compounds 
in the soil by a series of changes terminating in nitrification. Some- 
times however these changes take another course and in this v as 
an accumulation of relatively ui'.available nitrogenous material 
may take place of wliich a familiar example is the production of 
peat. By cultivation we produce conditions, however, uhicli aie 
favourable to nitrification. One result therefore of the mtelisne 
cultivation to which I have already referred will be to accelerate 
this conversion of unavailable nitrogenous material into nitrates, 
and unless appropriate measures are taken, the reserves being 
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up at a rapid rate, exhaustioD will occur. Such cultivation 
„^oroover has another disadvantage. It is weU known that under 
j„itable conditions very large quantities of nitrogen can be added 
the soil from the atmosphere by the agency of nitrogen- assimi- 
lating bacteria. But these bacteria require the presence in the 
soil of considerable amounts of carbonaceous organic mstter 
Hence if by our inten.se cultivation we u.se up at a rapid pace this 
organic matter in the soil we shall thereby at the same time diminish 
ttiis valuable fixation of nitrogen. 

It is obvious therefore that we must combine such methods of 
cultivation with liberal siqrply of manure, and for the reasons I have 
stated, bulky organic manures such as farmyard manure, ponm 
and fish manure are peculiarly .suitable to the conditions prevailing 
in this country. Such manures moreover have a further advantage 
as compared with more concentrated manures in that they improve 
to a marked degree the mechanical condition of the soil whereas the 
concentrated chemical manures have a tendency in the oppo.sitc 
direction. 

It is particularly unfortunate therefore that the manures to 
which I have referred are precisely tlio.se which for various reasons 
are either being sent out of the country or else used in a wasteful 
miiiner, In the first place, the best use is not made of the manure 
most generally available, viz., farmyard manure. In many districts 
this is used mainly as fuel resulting ina total loss of nitrogen. Even 
if this be not done the manure is almost invariably stored in such 
a way that at least 60 per cent, of the nitrogen is not utilized. 
Little effort is made to collect the liquid and more valuable portion 
of the manure or to protect fhe manure pit in any way, with the 
result that the aggregate loss in mamirial value is enomous. 

There is no doubt that many ryots at present do not realize 
the value of manures. This is a factor wliich time alone can remove 
but the lyot is a shrewd judge in many ways, and wlien once con- 
wncccl by demonstration of the benefits to be derived he will not 
bo slow to take up the use of manures. This has been shown in a 
striking rvay by the largely increased demand for fish guano even in 
(listiict.s remote from the source of supply. But assuming that 

5 
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the ryot is fully convinced of the value of manure and anxious to 
obtain these, the price of most fertilizers has reached a figure which 
puts them quite out of reach of the small cultivator except in the 
case of the most profitable crops. The reason for this is the high 
price which manures such as oil-cakes and fish command in the 
foreign market resulting in a large export trade and a rise of price 
in this country. 

Fish manure containing as it does a good percentage of both 
nitrogen and phosphate is particularly suitable to our soils and yet 
the export is increasing rapidly. In February of this year Colombo 
was paying Ks. 160 per ton for fish guano and consequently rvas 
attractmg the bulk of this commodity which a year or so before 
was obtainable at Rs. 46 a ton ex-factory. This export is likely to 
continue, therefore, with a consequent increase in price in spite of 
the fact that the production of fish manure is necessarily limited 
and quite insufficient to meet the manurial requirements of the 
country. 

When we come to consider the case of oil-cakes we find again 
exactly the same conditions prevailing. These cakes, though they 
contain sometimo's a fair amount of phosphate, must be rogaiiled 
chiefly as nitrogenous manure. Now the oil-seed crops arc noto- 
riously exhausting to the soil. But if the seeds were crushed and 
the resulting cake either applied to the land directly or in the form 
of cattle manure after feeding, there would at least be some letiirii 
of plant food to the soil. But the tendency is all the other way. 
Not only has the export of oil-seeds steadily increased, hut even 
in those cases where the seeds hav-e been crushed in this eountn a 
large amount of cake is exported. The figures arc mstmetne. 
Taking the normal years immediately preceding the wav. tlic export 
figures for the whole of India were approximately as follows. 

T , Value 

1913-14 All India ^ j 

, r,72 7<|-> 17.0W® 

Whole oil-seeds .. •• ’’-/qou 

Oil-cakes . . . - ■ • ■ • 

Fbom Madras alonk. 500,000 

Oil-seeds . . . . . . • • “ ' ’ 400,000 

w.pro.iu.atdy). 
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'j-his has naturally led to a great increase in cost and the state 
affairs is likely to become worse owing to the intense demand 
{or products at the present time in European countries. Hence 
is not surprising to find that the luesent price of groundnut cake 
is aliout Ks. 140 per ton or three times the price for which it could be, 
obtained a very few years ago. It is impossible for the average 
ryot to pay such prices and it is in my opinion essential that step.s 
slioukl be taken to remedy this .state of affairs. It would therefore 
appear necessary to prohibit entirely the export of fi.sh manure of 
,hich the supply is so limited and to impose an export tax on oil- 
cakes in order to retain a huge quantity of these in the country. 
With regard to whole oil-seeds also a lieavy export tax should be 
imposed. In this way the oil -crushing industry could be developed 
in India, the oil being freely exported but the residual cake being 
onsumed as far as required in this countryu Two causes have 
litherto tended to retard the development of oil -crushing in this 
■ountn'. The fact was that when oil-crusliing was introduced, 
)ffing to the wholesale adultemtion which took place Indian 
)il,s ahtained a thorouglily had reputation. Secondly, European 
'ounliies have imposed air import duty on oil while allowing free 
mtry to whole seeds and cake. Tire remedy for the first is obvious ; 
in regard to the second, the conditions in Europe are such that it is 
doubtful whether these duties would be maintained if the supply 
of whole seed w'ore restricted. Hence the times are norv particu- 
larly favourable for such a change. 

So far we have been consideriirg nitrogenous manures. In 
the case of phosphates the situation is much the same. The chief 
pliosphatic manures available in thiscountiy are bones, fish manure, 
and deposits of mineral phosphate. With fish we have ahead) dealt. 
In the case of bones we agam find a large export taking place. 
Owing to the war, the figures for the last feW years have beenenatic, 
but in normal times boitcs to the value of over 4 lakhs of rupees were 
annually exported from this Presidency alone chiefly to Ceylon. 

a result of this external demand the price has steadily risen, and 
csily this year the excessively high figure of Es. ISO per ton Was 
being quoted m Ceylon for bone meal. This is therefore another 
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case where export should be totally prohibited. The bones retainea 
in this way could readily be crushed at a large number of cc nties 
because many land onmors are already in possession of oil ei.gines 
which are not fully employed and w-hich could therefore be used 
with advantage to drive small disintegrators. In this war' bone 
meal, which has given good results in this country, would be 

available at a greatly reduced cost. 

In the case of mineral phosphate deposits in this countiy ve 
are at present in some doubt as to the best method of utilisation. 
They are not suitable for the preparation of superphosphate and 
when used alone the availability is of a very low order. A con- 
siderable number of experiments have been carried out liere to 
increase their availability by using the crushed mineral phosphide 
in combination with organic matter. The experiments have been 
sufficiently successful to indicf te that a satisfactoiy method ol 
utilizing these deposits will probably be found, but it cannot be said 
that the correct conditions have yet been realized. 

Quite recently claims have been put forward regarding a phos- 
phatic manure termed “ tetra phosphate which is prepdiecl in a 
very simple way from rock phosphate. These experiments have 
been canied out chiefly in Italy and in my opinion the evidence is 
not particularly convincing. In view of the importance of uti- 
lizing our supply of phosphate we are, however, at present canymg 
out trials to test tliis nesv method on the Trichinopoly deposits, but 
the experiments are not yet sufficiently advanced to indicate the 

probable result. 

. One other possibility has lately arisen in connection with such 
deposits. Very favourable results have been obtained in America 
by the use of ammonium phosphate. Such a fertilizer, oontainmt, 
as it does about 13 per cent, of ammonia and 40 per cent, of so u e 
jihosphate, would probably be particularly suitable for the co 
tions prevailing in South Indian soils. The possibility of 
the Trichinopoly deposits in such a way ilepmcds entirely out e 
of production and this will again depend largely on the 
of cheap ammonia which is quite a feasible proposal in this cm 
At any rate the prospect opens out a promising field of fiai 3 
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While dealing with future possibilities I may also refer to the use 
of what is known as “ activated sludge,” which is the final deposit 
otitiiined in the most recent method of sewage disposal. Tlie 
sabatance when dry contains about 8-7 per cent, of nitrogen 
instead of the 1-2 per cent, in the older product and may 
eventually therefore form a valuable manure in the neighbourhood 
oi large towns where such a system ■will sooner or later will have to 
be adopted. 

We dealt so far with the indigenous manures of the country 
and we must finally consider how far rr e can make use of .synthetic 
methods for utilizing the nitrogen of the atmospihere to make 


nitrogenous fertilizers. There arc three or four ways in which this 
ignow being done in other countries. First,, there is the Are method 
in which by means of a jrowerful electric arc the oxygen and nitrogen 
of the atmosphere are made to combine to form nitric acid. This 
requires very high powers and huge pnoduetion to be profitalilc 
aiu.1 will not, I thiirk, be practically suitable for Indian conditions. 
Secondly, we have the Haber process for .synthetic ammonia by 
which hydrogen under the influoneo of a cataly.st is made to combine 
with atmospheric nitrogen to form ammonia which can then eitlier 
be converted into ammonia .sulphate oi: further oxidized to nitric 
acid. This is one of the clieapjcst wap's of producing ammonia and 
enormous quantities of ammonium .sulpdiato are now being manu- 
factured in this way .so that there i.s a considerable likelihood of a 
considerable fall in price as regards tbi.s fertilizer. This prohahility 


is increased by the report rcccntl}' pmldished of an import ant improve- 
ment on this process which will considerably reduce the cost of 
production. The process, however, requires skilful supervision and 
will not therefore be particularly easy to establish in tliis loimti} . 
Lastly, there is the cyanamide process in which atmosplieiio 
nitrogen is passed overheated calcium carbide witl* the foimalion 
oi calcium cyanamide, a valuable nitrogenous lortili/.er, -nhiih is 
also easily capable of conversion into ammonia. The uquisite 
inateriaLs for this piwcss are supplies of limestone, faiil} pnire 
chaicoiil and reasonably cheap electric power and it is bkel} to be 


the best adapted for use in this eoiintiy. 
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There is no doubt ample scope and opportunities for the develop, 
mcnt of such industries in India. Not only are the fertilizers pro- 
duced of the greatest value in themselves but they could be used 
in combination with fomacs of poor quality such as jnram or 
dupalce cake which at present can be profitably used alone. 

It may be remarked in passing that a new nitrogenous ferti- 
lizer has recently received much attention, viz., ammonium nitrate, 
which was largely used in the war as a constituent of explosives. 
The advantage of this compound is that it contains nearly 35 per 
cent, of nitrogen and so is the most concentrated nitrogenous 
manure made, a factor of value where transport has to be considered, 
I hope I have now been able to show that it is possible b}’ tlie 
methods indicated, viz., restriction of export of pomes, imeruslicd 
oil-seeds, bones and fish manures and b}' the development of the 
processes for the synthetic production of nitrogenous mamucs, to 
reduce very considerably the price of manures in this country. I 
have only time to refer very briefly to the other measures nccessaiy 
to ensure the best use of the materials thus made available. The 
first necessity is the further education of the ryot. As 1 indicated, 
this is not so difficult as sometimes supposed and machinery ahead}' 
exists for such work and only requires expansion. 

Secondly, the cost of transpoit must be reduced to a loivei 
figure. Hence co-operative purchasing is indicated in order that 
manures may as far as possible be carried in bulk with consequent 
reduction in freightage rates. For similar reasons purchase in bull; 
is necessary in order to obtain favourable terms, and this nieitus 
credit must be provided.. There is therefore a large field here for 
the development of co-operation. 

Finally, there is the difficulty, and it is no small one, of the 
present system of land tenure in many parts of the cunutiy. bo 
insecure is the position of the tenant that he cannot reasouabl} be 
expected to sink capital in improvements from which he hiiuseH 
may obtain but little benefit and for which, if evicted, he can claiw 
no compensation. 

The whole question therefore is by no means a simpie one a 
the time is quickly approaching when it will have to be faced m ^ 
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reasonable manner. The population is increasina 

be): ve that the enhanced production required cJ i ^ 

about by a determined effort to increase the ^ l^rought 

the soil by reasonable manorial 

tenoency to face it in another way by the atteLt f 1 

cultivation large areas of more or less unprofitahl f i° 

», ^ r.,a r;s 

p,„«ent « a. .nd oa,„, be «y,li™ b„ . 

palliative of a temporary nature. ^ 

SOMMARY. 

Tlie situation may then be summed up briefly as follows • - 

1. A large proportion of the soils of the coiuitrv V i 
sufferiig from starvation or are apprr, aching that state. 

2 The supply of indigenous manorial products is being sent 
out of the country at an increasing rate with the result that th 
price IS now prohibitive to the .small cultivator 

8, S.tk . deficiency m„«, be met by (.) 
ol «1 mate,.* ; ,i) . . f 

m .Lcb me,l«ia b„d p,„ “ 

ape., be moat l.tely of a.cceaa in tbia e«„,.y ; 
of t.<K.«a for tie „f ,|„ ,, J 

country. ^ 

4 . In order to utilize the inerca.sed supph- of maniirial sub- 
stances attention mmst be directed to (u) education of the rvot to 
reaize their value; (6) developinciit of co-oprativo buying and 
ransport ; (c) revision of land tenures where these do not give the 
tenant a sufficient margin of protection. 
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OJ “ Orchard T)e.i.e,” Ycreaud. 

Much intorost lias been awakened in recent years in the culti- 
vation of fruit and the production of articles of consumption 
previously imported. There is no doubt that, if the subject ivns 
better understood and the knowledge properly applied, ^ the greater 
proportion of the money paid to outside producers might bp kept 
in the country, not only to the material economic advantage of 
India, but also from a health point of view. 

India — and I may even confine my statement to apply to tlie 
Madras Presidency— with its varying altitudes and climate is, in 
my opinion, as near as possible, ideal for the cultivation of almost 
every known variety of fruit, and what with the ever impruiing 
economic position of the majority of Indians, combined with (jov- 
ernment assistance in opening up an experimental jam and presene 
factory on the Nilgiris, there is, and always will be, a globing 
demand for really well-grown fruit. 

At the present time, demand is undoubtedly outpacing tke 

supply. ■, 1 , 

Apart from the urgent need for fresh fruit, there is a so a 

grouang demand for preserves, cool drinks, etc., such as maiiiuiLiJe, 
candied-citrus peel, raw and sweet lime juice, citric acid, ciisfas 
for mineral waters, and citrate of lime which is used in its nice 
form for bleaching certain kinds of linen. Als o other bpc-pu’diaU 

♦Paper read at the Madras Agricultural Conference, PJIU. Kcpiintfcd froiii ' 
the Madrai Agricultural tSiudontf<' Vhion, December IfllO. 
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\fliirli, owing to simple methods of manufacture, could easily be 
^ade in this countiy by any intelligent ryot, after receiving a few 
lessons from an expert of the Agricultiiral Department, and it is my 
good fortune to know how keen the ofihcials of the Agricultural 
Department are, in every branch, to help one and to give valuable 
advice merely for the asking. 

What with cheap labour, combined u'itli a few simple and 
cflective appliances for cultivation, and given facilities for iiri- 
giition where necessary, and average good kwh-such as is met 
with more or less all over the country— with an addition of ferti- 
lizers intelligently applied, we should not onh’ be Ciipolile of pro- 
dncin" enougli first class fruit for our own requirements, but could 
compete most favourably with other e.vporting countiies on the 
European markets. 

The most suitible places in India for citrus culture 

would fie of the Nilgiris, Shevi.ioys, Kura'amalais and luauy 
otliei hills, the Malabar Coast, Wyn. ad and. in fact, almost auy- 
\diere where there is good soil aivl rmple raii'.fi.ll, s-.iy, frotu 60 to 
120 inches average, or wliere iirigatioii is evailalde. 

Citrus fruits do best in a deep, loamy soil ricli in humus and ihe 
essential plant foods, hut it h > liren my experience that almost 
any soil can be made to grow good, healthy fruit treo.s ; with proper- 
preparation of tire soil before planting and wli.-.t with cheap labour- 
and suitable impleiuciit.s, -ftliicli ate arailalrle m the country at 
present, it is not a very difiictill or expensive matter to bring some 
of the most intractable and appareittly indifierent looldtrg soil into 
a fit state to grow excellent fruit trees. It is iwuely a matter of 
thoroughly working, and in some cases, sub-soiling, draining, and 
ploughing in one or two green manni-e erops and adding .suitable 
fei-tilizei-s, and the trees-otlier thiirgs being equal-will not oirly 
grow well, but very soon bear ]>a\-ing ei'ops. 

Xow to the question, of the right kiird ol jilants to poopagate 
01- purchase Cheap trees, merely heeause tlier arc cheap, usiiall) 
prove to be the most expreusive in the long ntn ; therefore, purchase 
your trees from a reliable luirsevyman and pray him a fair price for 
ke very best trees he can piroduee. Aon may be told that two 
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or three year old plants, such as one aces in nurserymen’s show 
gardens, and which are usually covered more or less with fungi of 
sorts, trying to grow in a 6-inch florver-pot, will make excrllent 
growth when planted out, and will bear fruit in one or two ^•oa^s 
These plants are sold at a low price and are usually not \\ortij 
paying freight on. It is more economical to pay a good piit p f^j 
really well-grown healthy plants free from leaf and other diseases 
and also guaranteed true to name and thus avoid the possible dis- 
semination of virulent plant diseases. It is to be hoped, now that 
the Pest Act is in force. Government will consider the necessity of 
inspecting plants offered lor sale in every nursery in the country 
and no one should be allowed to sell plants to the public without 
first obtainii'-g an annual certificate of cleanliness from an aufhoiiaxl 
Government expert. I know a case where a man spent a eo)is). 
derable amount of money on citrus plants which were covered with 
a most destructive fungus disease aird, had it not been that he 
procured advice, and had not the plants bceir properly treated in 
time, he. wonld have lost the whole of them arrcl, Worse still, would 
have given up in despair an cntcipriso which has since proved a 
most remunerative undertaking, thinking that either the climate 
or soil was unsuitable. 

As regards suitable varieties, there are many, and, on looking 
through a catalogue, one is often bewildered by tlie host of varieties 
named, all— or nearly all— of which appar to have special merits. 
As In.dia is the home of citnis trilre, it would be as well to considei 
the best of those usually grown in the locality, such as the Xiigpiir 
santara orange, the Sylhet, and in South India, especially in 
Coorg, that which has come to he known locally as the Cooig orange, 
are perhaps three of the best. Of imported varieties, there are 
Washington Xavel, Navclensia, Mediterranean Sweet, Paper rind, 
St. IMichael Joppa, and Valencia late— to mention only a few of 
the best ; there is Sevill orange (C. uw?pr/s) and sometimes ealW 
C. bigardia or bitter orange, which is used extensively in the luaim- 
facture of marmalade ai>.d also for the extraction of essential 
from the rind, leaves and fiowexs, which is used as a base in the 
manufacture of some of the most expnsive perfumes and aisn 
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the manufacture of citrate of lime from the iiiirp a i 
tom Ihi. variety growing locally waa to g‘„l " 

citric acid crystals per gallon of juice. ‘ 

The citron (C. «*<„ ap.) the rinl „t „I.iclr ia i„ a, 
....olactnio of the cariied pod „I oon.owrcc, aid f„, .piop “ 
i a large demand, Ju.ee ol this Iroit .la, 1,„ J 

found to contain over 7^ oz. of citric acid per gallon of juice 

The Pomelo (C. decumam), which is .sometimes called the 
Shaddock, grape fruit, etc. Apparently there arc three varieties 
of this fruit grown in South India, although none of them could by 
any stretch of imagmation be con.sidcrcd to resemble a grape in 
taste. There is no doubt, however, that there i.s more tlian one 
variety of this fruit which is really delicious when prepared bv ex 
tiacting the bitter membrane and sprinkling the pulp with .sugar 
I have It on the authority of an expert in such matters that it I a 
delicious and refreshing fruit to oat early in. the morning There 
IS no doubt that if this fruit with it,s vigour, deep-rooting .system 
and enormous bearmg qualities wa.s extensively grown and the’ 
taste for it acquired, there would be an enormous demand at 
remunerative prices, and it probably would become as well 
known and appreciated in India as it is in Europe and America 
at the present time. 


The lime (C. wedfea var. acida) of which there are at least 
three distinct kinds, viz., thorny, thornless, and seedless. If pos- 
sible, the thornless variety should be chosen for general cultivation 
owing to the convenient way in whicli pruning, gathering the fruit, 
and general cultivation can be carried out, and this applies especially 
m India, where the labourers generally work bare-footed. If 
however, a thorny variety be planted, the mconveiiience of the 
horns can, to a great extent, be overcome by careful handling at 
Praniiig time, by having some kind of cart, handled between the 
in which aU prunings are thrown, and this will probably pay 
or omg, in view of the fact that, so far as is known at present, 
e thorny gives the highest percentage ol citric acid. There 
oes not appear to be any appreciable difference between the 
®riiy and seedless varieties in this rcsjx'ct. 
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It is found, where limes are grown on a large scale, that the 
citric acid content of the juice varies considerably With the rainfall, 
that is, in a wet climate or season the acid content is low, whoreasi 
during dry Weather, or where the average rainfall is small, the acid 
content is high, the variation being from 10 oz. per gallon in the wet 
weather to 14 oz. in dry u'eather— tests in the West Indies, hi 
June of this year, after trees growing in Ycrcaud had passed through 
a very severe dry 'weather, the juice tested as high as 21^ oz. per 
gallon, whereas in December, after a long spell of wet weather, the 
test gave only 10 oz. to the gallon. At the same time, the variation 
in such figures may be more apparent than real, as fruit may contain 
more juice in a wet season than in a dry one, and it is quite possible 
that, although the percentage of citric acid per gallon may be 
lower in wet weather, the probable extra amount of juice will com- 
pensate, or perhaps more than coiupeusate, for the higher pieicontage 
in dry weather fruit. Although the different kinds of lime in 
general cultivation do not apiiear to vary greatly either m acid 
content or the amount of juice per given weight of fruit, tliis is a 
point which appears to lend itself to very useful research woik, 
both on the line of natural selection, and possibly through budcling 
selected plants on to vigorous stocks, with a view to improve not 
only the yield of acid content, but also the improvement in ciualitv 
and quantity of the essential oil in the rind, and this is a point well 
worth considering before planting out on a large scale, the mam 
issues being the citric acid percentage, quantity of juice and essen- 
tial oil obtainable per acre. And I cannot find that, up to tlie 
inescnt, this subject has seriously been studied in a scientific iiwiuier. 
It is obvious that one acre ol limes giving an average of, say, 2,000 
fruits per tree of 10 oz. acid content is more profitable tlian one 
giving 200 per tree of the same sized fruit giving 10 oz. acid pei 


^‘'”"you Mill now naturally want to know the possible utiuns 
from citrus fruit growing, and this is a point on which I fcai mw 
controversy will arise, and to avoid the possibility o 
standing which may leiul a prospective planter astray anc 
him to invest his capital without a lull knowledge of t ic sn 
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I vill say at once that other things being equal-much, in fact 
jyervthing, depends on the individual. At the same time, there is 
no reason why any one interested in fruit culture .should go u .stray 
really sound advice can be easily obtained from the Agri- 
eiiltural Department, and— strange as it may seem— I have, much 
,norc faith in the eagle eye of an entomologist or mycologist than 
in a painted chaUi which one sometimes sees erected on a pole to 
v,-ai(l off the evil eye. As there is now no excuse for any one going 
astray on this point, I will give you some figures which may encourage 
sonic one to have a flutter at what I consider to be a paving pro- 
position. To begin on the safe side, I cannot, I think, do better tlian 
quote figures which I gave to a fruit-planter who obtained my 
'ailvice some time fgo in connection with his orange tree.s, whicli 
consisted chiefly of Mandarines, Washington Xa\-ol, Xavclin, St. 
Michael, Mediterranean Sweet, ind Lemons; these figures refer 
to 9-year old trees whicli were allowed to overbear in the 
fointli year and suffered, not only in consequence of this but also 
from neglect of the ordinary practices of cultivation for tlie remain- 
ing five years and they were in anytliinghut good condition. I esti- 
mated that given proiier cultivation nid pruning, each tree should 
■ give an average of 5 dozen {xu-fect fruits tlie same .season, which, consi- 
dering the e.xcellent varieties and the advantageous market condi- 
tions, would have sold at S anm.s per dozen or Rs. 2-8-0 per tree, and 
this on over 700 trees, or roughly 7 acres, or say, Rs. 250 an acre, 
.blowing R.s. 100 an acre for cultivation, manure, etc., and cost of 
marketing the crop, it wotild have left Rs. 150 an acre clear. Had 
those trees been properly cared for and Rs. 100 an acre spent 
aiuiually on cultivation, pruning and mantirc, they would have, 
at 9-yeiir old, given comsiderahly over 500 fruits per tree, and this 
is what I consider to be a fair aver: ge crop on weil-carcd-for trees 
under general Indian conditions for oimngcs, lemons, citrons, etc. 
Limes of course bear much heavier ciuqis, and, owing to their being 
planted 15' x 15' :(part which would ;:llowthcin ample roomeveu on 
the best of soils and give 193 trees jter acre, I have seen trees which 
lavc an annual crop of between throe and five thousand limes of 
?ood .size. As to the priee.s obtaiiuible for fruit in different 
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districts, much depends on the market facflities on each plantation ; 
it is impossible to give anything like an accurate statement as to 
possible profits in each district. But the figures I have given will 
I think, enable any one interested in the subject to form a fan idea 
on this point. Unfortunately I am unable to go into details of the 
manufacture and sale prices, etc., of citric acid in such a short paper 
as this must be. There are other aspects of citrus culture, such 
as the preservation of fruit by the sweating process and allied 
subjects, which, I fear, must be left out of this paper, also through 
lack of time. As it is, I am afraid I have overstepped the time limit 
and trust you will excuse the prolonged babbling of an enthusiast. 



BRITISn CROP PROOUCTIOI^ * 


BY 

DR. EDWARD J. RUSSELL, F.R.S. 

Crop production in Britain is carried on in tlie hope of gain, 
and thus differs fundamentally from gardening, which Ls commonly 
practised without regard to profit and loss accounts. .Afany poets 
from times of old down to oiir own days have sung of the plea.sures 
to be derived from gardening. But only once i)i the history of 
literature have the ploasiire.s of farming been sung, and that was 
nearly two thousand years ago. 

Ah ! too fortunate the husbatulmon, '1)<1 they but know it, on ivlioiii, far from 
the clash of arms, earth their most ju.'t mistress lavishes from tlio .soil a 
plenteous suhsisfeiicc.— “ Ocordc?, ' llh. Jl., i. lots cf ic<i. 

" Did they but know it ” ! Even then there seem to have 
been worries! 

This seeking for profit impo.scs an important condition on 
Biilisli agriculture : maximum production must be secured at the 
miuiiuuni of coat. This condition is best fulfilled by utilizing to the 
full all the natural advantages and obxdating so far a,s possible all 
the natural disadvantages of the farm -in other Words, by growii^ 
crops specially adapted to the local conditions, and avoiding an} 
not particularly well suited to thorn. 

From the scientific point of view the problem thus becomes 
a study in adaptation, and We shall find a considerable interplay of 
factors, inasmuch as both natural conditions and crop can be some- 
what altered so as the better to suit each other. 

It ia not mj' province to discuss the methods by which plant- 
breeders alter plants ; it is sufficient to know that this can be done 

•UiscMirse deliverMl at tho Royal luslitution in Fobruan- IMU. Rnprinted irom ."i atun, 
iaW tlio .Stb April, 1920. 
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within limits which no one Would yet attempt to define. The 
natural conditions are determined broadly by climate and by aoj] 
The climate may be regarded as uucontrolliible. “ What can'l: bg 
cured must be endured.” The scheme of crop production must, 
therefore, be adapted to the climate, and especially to the rainfall. 

The rainfall map shows that the eastern half of England is, 
on the whole, drier than the Western half. In agricultural expeii- 
ence, wheat flourishes best in dry conditions end grass in wet con- 
ditions ; the vegetation maps show that wheat tends to be grown 
in the eastern and grass in the western part. The strict relationship 
is that seed production is appropriate to the drier, and leaf pip. 
duction to the wetter, districts. 

The great soil belts of England south of the Trent run in a 
south-westerly direction ; north of the Trent, however, they nm 
north and south. A heavy soil, like a wet climate, favours grass 
jnoduction ; a light soil, like a dry climate, is suitable for aiahlc 
crops. The great influence of climate is modified, but not oven iddeii, 
by the soil factor. 

The arable fanner grows three kinds of crops : corn, clover or 
seeds hay, and fodder crops for his animals or potatoes for luunan 
beings. The same general principles underlie all, and as corn crops 
are, of the most general interest (though not necessarily of the 
greatest importance) they will serve to illustrate all the points it is 
necessary to bring out. We have seen that wheat is cultivi.ted 
more in the eastern than in the wostou portion of the couuti}. 
The figures for con-sumption and production are as follow^; — 


Millions of Ions jnn- annum. 


(•,,nsi.ni|>tir.n l>ri,.lucti.)n in Kn<;Un<l rnuinitinu in tiutiit 

in I AValtM 


Wheat 
Barley 
( lats 


l^-forn 

war ion MM8 


7 - 41 ) 

145 

2 ’3 


1-2 

' 12 

4-30 

1-4 

^ 20 


i Before 1 


j I'HSi 

1910 war 1914 ; 

i 1'''^ 

1 

l-s ! 1-7 ! 

2'fi 1 


1-1 . IfS 1 

' 1 ■,*) i 

J .5 

1-0 ' 3-0 

t 

4'.-| j 

4'- 
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During the war very serious attention was paid to the problem 
„{ iKlucing the gap between consumption and production. A 
ffoihing solution was found by lowering the milling .standard, 
jetaining more of the offal, and introducing other cereals and pota- 
toes ; a very considerable proportion of the resulting bread was thus 
produced at home. But the war-bread did not commend it.self, 
and disappeared soon after the armistice ; since then the con- 
sumption of wheat has gone up, and the divergence Ijetween con- 
sumption and production has again become marked. Tlicre is no 
hope of reducing consumption ; we must, therefore, increase pro- 
duction. Additioiml production may be obtained in two ways : 
by increasing the yield per acre, and by increasing the number of 
acres devoted to the crop. 

Tlie yield per acre is shown in the following table ; — 


Measured bushels per acre. 



(1908-17) Average yield peraere ; 

j 





A good fanner 

: Higho-st recorded 


England and 

1 Waled 

Sootland 

i 

oxjieot-i 

yield 

ffheat 

31'0 


lo 50 

m 

Barley . . ■ 

31 '-9 

35-4 ; 

40 (0 00 

80 

OaU 

39-3 

US-!) 1 

60 to HU 

121 


Unfortunately the terms “ bushel ” and “ quartet ” (8 bushels) 
lack definiteness, being used officially in three different senses and 
unofficially in several others also. The following are some of the 
definitions of a bushel : — 


[ Official statistics. 

Corn Keturns j 

Oram Prices 

' A dellnite 

Act. 1 

! Order. 

volume having 

Volume occupied 

Volume occupied 

! the following 

by following 

by following 

, average weight 

weight 

weight 

\ 

1 lb. 

i 

lb. 

lb. 

.. I 61-9 

r'? .. m 

... 1 39-3 

1 

00 

50 

30 

63 ! 

42 

__ I 

1 



Frociiiriit jiraotice. 
Volume noiupieil 
[y. fullmvmg 
weiglit 


!b. 

63 

56 

42 


6 
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The average results include bad farmers and bad seasons ; the 
good farmer expects to do considerably better, but he has many 
things in his favour : superior knowledge, greater command of 
capital, and possession of good land ; he will, therefore, always 
stand above the average. Even his results can be improved ; the 
highest recorded yields show what can be done with preseM 
varieties and present methods in exceptionally favourable circmn- 
stances. The figures give the measure of the scientific problem, 
which is to discover what changes would be necessary m order 
to bridge the enormous gap between the average and the best. 
In three directions progress is possible : we may modify the plant, 
or the soil, or we may mitigate the effects of unfavourable 


climate. . , n . 

Before the soil can be brought into cultivation at all it is r.eres- 

sary to carry out certain major operations- draining, enclosing, etc., 
—which have to be maintained in full order. These lie outside 
our present discussion ; we must assume that they are properly 
carried out, which is by no means always the case. Given adequate 
drainage, soil conditions are profoundly modified by cultivation, 
which has developed into a fine art. in England and Scotland, and la, 
indeed, far better practised here than in most other countries, 
But it is an art, and not yet a science ; the husbandman achieves t le 
results, but no one can yet state in exact terms precisely what has 
happened. A beginning bas been made, and a laboratory foi the 
study of soil physics has been instituted at Eothamste anc p acet 
under Mr. B. A, Keen, where we hope gradually to develop a science 
of cultivation. For the present cultivation remains an ait, and, 
further, it is essentially a modem art. The medieva impleinc j 
as shown in the Tiberius MS. (eleventh century) and the 
Psalter (fourteenth century), were crude, and left the giomi 
exceedingly rough condition. Great advances were ^ti^ 
the nineteenth century. Robert Ransome, of Ipswic , 
first patent in 1785 to improve the plough ; he was 
by Howard, of Bedford, and later by Crosskill, Marshall, 
Powler, and others, who have made British imp emen 
famous throughout the world. Given time Rfld su 
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tho good British farmer vising modern implements can. aceoinplish 
,von'lera in the way of miltivation. 

Unfortunately, neither time nor labour is ahvajs available. 
Ploughing is possible only under certain weather eon.ditions, and 
there’ are many days in our winters when it cannot be caivied out. 
Unless, therefore, a large staff of men and horse.s i.s kept, the work 
gfteii cannot be done in time to allow of sowing under the best 
conditions. 

The early days of the life of a plant play almost as important 
a part: in its subsequent history as they do in the ca.se of a child. 
lllu.strations are only too numerous of the adverse effect of being 
just too late for good soil conditions. One from our own field.s is as 
follows : — 

1 

I VicM of \vlii>jit 
Swlnowri j lOlfi 

j linsUcU pf-raor<* 


Xov. 24, lOl.-; i 2n'S 

l-Vb. IT, KMfi j m 


The farm-horse will not lie sjiecdod u)», hut maintains an even 
pace of 2| mile.s per hour, .\ccording to tlie old ploughman’s song 
still surviving in our villages, an acre a day is the jiioper rate 

WeVe all ploughed an aero, I'll sweat andT'll vow. 

For we’re all jolly fcllow.s that follow the ploiigh. 

But under modern conditions it is impossible to get more than 
three-quarters of an acre a day ploughed on heavy land, and the 
scarcity of teams threatened to bring arable hushandry into a 
hopeless impasse. IFortiinatcly for agriculture, the Internal-com- 
bustion engine appeared on the farm at a critical moment in the 
shape of the tractor, and has brought the jiroiuise of a way out. 
The tractor has two important advantages over the horse. First 
of all, it works more quickly. Its pace is 3J miles pier hour instead 
of ^ miles. It turns three furrows at a time instead of one only ; 
or our land it ploughs an acre m four hours instead of taking 
teMlya day and a half as required by horses. There is no limit 
fo the work it cgn do ; even an acre an hour is no wild dream, 


Work completed 


Just in time 
Just ton ktp 
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but may yet be accomplished. It therefore enables the 
to get well forward with his ploughing during the fine wratliet 
in late summer and early autumn, and thus to obtain the great 
advantages of a partial fallow and of freedom to sow at any 
desired time. On our owm land our experience has bf . )i aj 
follows : — 


Dates of compklion of sowings of wheat and oats. 






Year j 

‘ Wlipat 

Oats . 


i 

191G .. .. 1 

i 

: I’Vlirnarv 57 

October U> 

1 

11917 .. .. 1 

; Miuvli 10 

17 

V Horses Oiilv, 

r 1918 .. .. i 

Jnnuai'v20 

27 

J 

11919 

1 NovnnW 20 

„ 5 

Tractor. 


Further, if the plough is correctly designed and properly iisnl, 
the tractor does the work fully as well as horses —even the hnvse- 
ploughman admits that. It therefore increases considerably tlie 
efficiency of the labourer, which, as we shall see later on, might 
advantageously be raised. The c(*st of working is apparentl)- less, 
though it is difficult to decide this until one knows what the repniis 
bill will be. In our case the cost is ; — 


Cost of plougliiiHj per acre. Autumn, 1919. 



Uy tractor 

Hy hoisrs 


1 

n. d, j 

! 1 

labour 

7 7 

II) 2 

Maintenance . . 


i 22 li 

Oil and petrol . . 

7 K 1 

— 

Depreciation an(l_ropQirs . . 

« 3 

— . 


21 6 

32 b 

Time taken 

4 hours 

U-ilsp 


, 

— 


The internal-combustion engine is only just at the begiiu®? 
of its career on the farm, and no one can yet foresee its develop' 
ments. It is being used at present simply like a horse, ard is 
attached to implements evolved to suit the horse. But it is rota 
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iiP se ; its proper purpose is to cause rotating i . 

to pull, and in some. cases, indeed, this pull used 

,otary motion. '' reconverted into 

The second great method of improving i v • 

manures and fertilizers. Farmyard manure is u " ’T 
any other single substance ; it is likely to remairth^' 
taut manure, and if available in sufficient 
geueraUy meet the pse. ;^alizing ffis imporC^^^^^^^ 

- r jeCr - - “ -- 

tayard m«. i, 

to „K» all d 

I, Ita .,,1 of ,U. ta,„, ; |„ 1 ,, a ' 

a,.,„a neodad f», th, of 

large seal., L.lrc .ul,„.„i..,, ,|,i, ^ ; 

„tabl,aLed ,n 1842, and fo, 

111 tins country. The fertilizers nov a\-ailable are as follows •- 
Mtroffemys. Nitrate of Via, nitrate of liiue, sulphate of 
ammonia, and cyanamidc (nitrolim). 

. PhspMic. Superphosphate, basic slag, mineral plio.sphato, 
guano, and bones. 


Pu/ussic. Sulphate of potash, muriate of potash and Icainit. 
Agricultural chemists have rvorked out the proper combi- 
nations for particular crops, and obtained many striking results. 

Without using any farmyard manure they have maintained, 
and even increased, the yield of coin, ciojis. fodder crops, and liav ; 
and m the two latter cases tliere has been, a.n increase, not only "in 
yield, but also in feeding value jier (on. In spite of seventy years’ 
e.xpeiience there is still mucli to be learned about the jiroper use of 

' na fertilizers, and they may still bring about even Inlleryiclds 
‘rom the land. ' 

Ihe yield of coni crops can be increased by artificial fertilizers, 
Bot indefinitely ; the limit is set hj- the strength of the straw. 
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As the plant becomes bigger and bigger, so the strain on the shaw 
increases, until finally when the plant is some 5 ft. high, it ca mot 
stand up against the wind, but is blown down. 

Little is known about the strength of straw. It is a proi pity 
inherent in the plant itself, and differs in the different varietie,-,. It 
is affected by the season, being greater in some years than in o;lieis. 
It is affected also by soil conditions. At present the strength of the 
straw is the wall against which the agricultural improver is pulled up. 
The problem can undoubtedly be solved, and the plant-breedei 
and soil-investigator between them may reasonably hope to find 
the solution. 

Another great effect of artificial fertilizers which has not yet been 
fully exploited is to mitigate the ill-effects of adverse climatic con- 
ditions. Phosphates help to counteract the harmful influence of 
cold, wet weather ; potassic fertilizers help the plant in dry con- 
ditions. The combination of a suitable variety with an appropnate 
scheme of manuring is capable of bringing about considerable 

improvement in crop production. 

A demonstration with the oat crop on these lines was arranged 
last year in a wet moorland district and the crops when seen in 
August were as follows : 
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The potato crop is governed by the same general principles as 
corn crops. It furnishes more food pr acre than any otlici crop, 
but it is much more expensive to produce, and therefore is 
chiefly in districts where the conditions are particularly veil suite 
to it ; the Pens, Lincolnshire, the plains of Lancashire, and t e 
Lothians, though smaller ipiautities are grown in almost cvei) 


fiRIfISH CROP PRODUCPlOM 
Potatoes: Annml frodwimi ar yj comumpuon. 

Productiox 



r~ 

In England and Wales 

In Liuted Kingdom 

—■ 


j Pre-war 


Pre-war 


(j‘o inilliona of acres 

1914 1918 

1919 

iyt8 

i'JlS) 


3-00 4-20 

2-70 

1 





/*.o0 9-2Q 

l)-3Ci 

ITT. 

0-46 0-0.3 

-IP 

0-48 1 

1 

l"2ii ]-5i 

1-22 


■ ■ . iiuiTier 01 potatoes. We do 

liowevcr, import about half a million tons ppi' annum of early 'hkI 
other potatoes ; we also export seed potatws and soiuc lor food-in 
all, about one million toirs pr annum. 


(To be continued.) 
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contributions for agricultural investigations. 

The Trustees of the Sir Sassoon David Trust Fund liave 
made the following grants to the Bombay Department oi 
Agriculture : — 

1. A contribution of Rs. 6,666 per annum for three }-eats 
for the investigation of the insect diseases of jowar (Amh'opocjon 
Sorghm) and their methods of control. 

2. A contribution of Rs. 5,000 per annum for three years for 
the investigation of methods of improving poor gracing lands 
under Deccan conditions. 

3. A contribution of Rs. 5,000 per annum for three years for 
the investigation of the eradication of the most serious weeds of 
cultivation, and especially of lamia (CyjKriis rotundus). 

4. A contribution of Rs. 6,666 pr annum for three j'ears for 
the investigation of drought-resisting, high-yielding varieties of 
food crops, and especially of hajri (Penniselma li/phuidcinn). 

5. A contribution of Rs. 2,000 per annum for three years for 
the study of the deterioration of cardamoms in the spice gardens 
of Kanara. 

6. A contribution of Rs. 3,333 per annum for three }'ears lor 
the study of the economic efficiency of agricultural impleiuciits in 
Western India, and its increase. 

7. A contribution of Rs. 5,000 for the investigation of the 
difficulties of potato cultivation in the Deccan. 

8. A contribution of Rs. 10,000 towards the cost of buildings 
for the rice experimental station at Karjat (Kolaba District, iioiubay 
Presidency). 


( 4G() ) 
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tHE ORIENTATION OF THE BANANA INFLORESCENCE. 

Thebe has always been a vague belief among banana growers 
tliat the orientation of the banana inflorescence is a thing that can 
be controlled. It was thought that the said infloreacoute would 
appear either on the aide of the plant where the cut suifncc of 
corm is found or on the exactly opprosite side. No scieiiliiic 
evidence for the belief existed. 

The evidence given below tends to .show that the inflorescence 
app)ear3 on the side opposite to the cut surface of the corm from 
which it springs. 

In July 1919 the.writer superintended the planting of an area 
of bananas in the Ganeshkhind Botanical Garden, This area 
measures acres and contains 550 plants mainly of Sunkd and 
%«])«« varieties. All conus were plan.teil in. the same wii,)p 
namely, with the cut .side facing north. It was hoi)ed ihii.s to 
protect the bunches from the southern sun, if the bunches came out 
on the north side. 

After three or four months all trees .sliowed a .slight incliiudion 
to the southern side. In the beginning of March 1920 numy of the 
trees of the Rajapuri variety began to bear. In every case so far 
the inflore.5cence is toward the south. 

The inclination of the trees toward tlie south gave the writer 
an idea and he hastened to test it by digging out the soil and exposing 
the roots of a couple of trees. In both tlie Irei s c.xamined it was 
fomid that the cut surface of the coiru had produced no roots, 
but that the roots were produced along the border of lire cut surface. 
Roots are, however, produced freely from the rest of the coiiu. 
This absence of roots from a great portion of one side of the corm 
means less firm anchoring on that side. As the tree sw.us with 
the wind it is conceivable that there is a gi'ii,dual tenileiu} to buul 
away from the weakly anchored side. The banana inflorescence, 
when it appears, will, by the force of gravity, bond over to that 
side towards which the stem is already leaniirg. 

The number of trees now bearing is 64, and all the infloic 
scences are bent towards the south. If all the others bend in the 
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same manner it would seem that there is some ground for the 
writer’s theory, namely, that the bending away from the side of 

the cut is simply due to imperfect anchormg in the soil. 

It is of course possible that this bending, all m one direction, 
may be due to some factor in the environment. This doubt tan be 
removed by planting the corms so that each row has the cut surface 
opposite that of the next row. This would bring the inflores. cnces 
facing one another in every two rows if the writer s theory is true. 

If the theory proves to be true, advantage can be taken of it 
to plant corms so that the inflorescence and the fruits will not 
suffer from the sun, or to plant them so that the bunches face one 
another between the rows and so can be easily watched.^dP. G. 

Dani.] 

* 

* 

A NOTE ON HELIOTHIS {VHLORIDEA) 0BS0LETA,n., 

AS A PEST OF COTTON. 


During the course of investigation into the bionomics and 
incidence of Pectuiophora gossypiclla now being earned on at Coim- 
batore we were surprised to discover IMwtlm obsokia, Fb, luu 
enaaved in committing more havoc tlian Earmfabia, harm 
and ’^Peclinophor-i (jossfjpidla put together. As far as the Miitoi n 
aware this is the first record of iMiothis obsolda appearing on cotton 
m pest conditions. In America and in .Africa it is a regi ar post 
of cotton, but so far does not appear to have damaged this f 

At the time when most damage was being done, and the damage 
was considerable, not only was there about 15 acres ol ciiga gw ^ 
(Cheer arieluuun) on the farm, but next to oim ot the^a ^ac 

were some tobacco plants m seed. Ihtsc . .n.ieaKcl 

The gram crop was almost a total loss. Cambodia cotto 
to sufler raticr more than Uppa>n or a though tk 

latter varieties were in the next field to the gram e 

The Heliothin obsoleta larvic feed on the young 
the Cambodia both from tlic outside, according to ^ w 
habit when attacking gram, and also at times cnteic m 
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tlie boll and stayed there until they had eat 
At other times a U-shaped tunnel nould be T' ^'o«tents. 

Ill (,ther cases again the outer rind would be 'ThI 
111 n arly every case where the boll had beeo 
meant a boll destroyed, unlike P ,ms 7 /mp}! attacked 

i..use .he wh.i. bo„. „cc ■" 

attadc a boll, H. ohsokta larva; would often ''ogbining to 

silk ijetween the boll and the bracts. At fi 'f 

attributed to spiders until the time when h ''1 ^ 

spinning them. seen at wgik 

There is no doubt that if this change of habit t r 
IS concerned) on the part of H. ohsokta ivere persist 
tea tar more dangerous pest than either Earias or P> 'V''""''' 

The attack was first noticed early in bm, ^ 
of February all larvm had disapj^^r ^ S ^ 
showing the amount of damage done This Jl 
into account the bolls and buds attacked and f 
.. .. tr... of tkoe cold be b/ rt T 
cm. torn one told but from seven | Bel, . ™ 

Centrslferm. *'"'‘""“"1 ^'fa™q.l«es on ,k, 


It may be noted that one eousigninent ..f i i. > 
Pollaclu, distant some 30 mile.s from CoimlMtot''al,sr I i 
that P. ohsokta was present in pest conditions. ' * 



—^^(cti/kfphra 

up. fitl/Kt aikl itlSukuM, 
^ 1 * — Utliothis ohsold't. 

* iVi-cuuUij^c ol H. W K. aud tu 1*. 
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The usual plants attacked by H. obsoleta in South India ate 
red gram {Gajams indicm), Bengal gram (Cicer arieliuHm), 
groundnut (Arachis hypogcBa), tomato, maize, cholam {Androprxjon 
Sorghum), tobacco, Canmhis satim, linseed, safflower, l.blab 
(Dolichos lablab). — [E. Ballard.] 

♦ ♦ 

plant hygiene. 

Increasing interest is being taken by farmers and commer- 
cial fruit and vegetable growers in seicncc as applied to cultiva- 
tion Both old established societics-content in the past with tlieh 
practical knowledge of crop cultivation-and newly forn^d socie- 
ries-anxious to base their operations on scientific lines- are 
askiiKT for lecturers nho can demonstrate to them the adi-antage.5 
of the" combination of theory and practice. The Ministry welcome 
such requests, and arc endeavouring to meet them as hit ns 

the middle of January a lecture was delivered in. Norwich 
by Mr G ('. Gough, B.Sc., an. Insiiector of the Ministry, on the 
subiect, “ Plant Hr'gien.e in Relation to Grops.” Mr. Gmigli first 
pointed out that cleanlims is as important to plants as to liunum 
beings, and gave instances of the large losses siistamed m tins an 
other countries from the depredations of the pests and diseases of 

Mdafregirto measures of I'ontrol, the lecturer coimideml the 
.object under the four lieadings Exclusion, 

( 3 ) Eradication, (4) Iiuimin.ization. Indeithe i. 

dealt with the necessity of suitable crop rota ion, n i 

succession on the same laml of crops subject to le 1 ' 

avoided; the advantages of reasonable 

patches of such crops as bush fruit, in view of the p . 

epidemic outbreaks of disease ; and the need 

chase of seed, bushes or fruit-tree stocks to avoid the • ^ 

of disease. Mr. Gough emphasized the large ex e ^ ^ ^ , 

nurseries and seed firms arc involved in this question • ■ 

out that the grower deserves every assistance to obtain 
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good materia], he foreshadowed the probahiliH- ( , 
deal with this aspect of the matter. ^ “'g'slation to 

Under the heading of jmteaion, the ler tiii 
the necessity of proper watering and ventilar ' 
glass, and the advantages of spraying and'oV""-/^" 
an iiisiirance against the attacks of insects t* as 

It it Moult to d,.„ „ Ii„. bohiooi 
Iiml of eradication, and certain measures inc] | P'''d(-ction 
under the latter heading a 2 iply equallv T " i 
whatever heading they arc included, they ^ ^ 

most important precepts of plant jiy^je;. *me of tlm 

emphasised (I) of permitting the ruhhi.sh ’hea! 
manure heap, and thus the hroedin^r f , ° tJm 

and (2) of feeding pigs and other 't^iiron dr!'°’i 
that liad not been boiled. The lecturer ,v i * plan.ts 

of fungus spores unharmed, tlum.gh the IlilcshV 
entailed their return to the land under eomlif 
aide to the vigorous recurrence of di.sea.se 
Referring to the question of u , 

ii.,p».«»e Iron, the poi.h of vie, ,!, 

" ™" “ ““ t»lt.ral aendpoi.,, ,i,, ,d 

.< ««. end poie... i„„.,ieideo 

Of all matters relative to plant hvviem +1 i v 

immune from disease presents 'i^ of varieties 

«iac inveeti ‘tor tZ '"H"' '» «» 

!— «ity ie nn est.blilTiT , ‘“"f 

‘»iir/v.,il' !”*'> an deeirotil,,,. 

«i‘v «-ith iZ T ^ au 8n,™l innnu- 

d 1 r "’'’a'”® "a 

WZ ZIZ 1" “’S'" of entelnl 

'»p, ''“lay 

tion to tie measures ontlmed by Mr. Cough ,ill he ol 
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increasing benefit to the groTOr and to the nation.— [Jownio? of 
the ministry of Affricidture, March 1920.] 

# 

* * 

NEW SOURCE OF ALCOHOL. 

^lucH ATTENTION has been given in recent jears to the qviestioii 
of manufacturing alcoliol within the Empire for use as motor spirit, 
In Vol. XVII, No. 3 (July-Septcmber 1919), of the Bulletin of the 
Imperial Institute, the possibility of utilizing the mowra {Bossia 
Intijolitt) flowers of India for the purpose is discussed. These 
flowers possess thick, juicy petals, rich in sugar. They are rrsed 
by Brdians as a foodstuff and especially for the preparation bv 
fermentation of an alcoholic liquor called duju or nioliirti spirit, 
A single tree will vield as much as 200-300 lb. of flowers in a year. 
The tree also produces a valuable oil-seed, which is exported in 
fairly large quantities to Europe. During the war the flowers were 
used' in India for the production of acetone, the yield being said to 
1)6 ten times as much as that obtained by di.stilling wood, which i.? 
the usual source of this substance. The demand for acetone in 
India in peace times, however, is not great, and large quantities of 
the flowers would he available for themanufacttire of alcohol, and 
would appear to be an exceptionally cheap .source of this material 
as the yield is high compared with that from potatoes and other 
materials commonly used, about 90 gallons of 95 per cent, alcohol 
being obtainable from one ton of dried flowers. It has been esti- 
mated that in the Hyderabad State alone there are already siiflioeiit 
mowra trees for the production rf 700,000 gallons of proof spirit 
per annum, in addition to that ^ necessary for the local liquor 
requirements. 

It is suggested that the most profitable way of utibzir.g^ 
flowers would probably be as a source of mixed motor spint o t e 
“ natalite ” type for use in India. That motor spirit can he pro- 
duced on a manufacturing scale, in India from mowra flowois » 
already been demonstrated, apd it is stated that nmning ti'>r ® ' 
the spirit proved satisfactory. 
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lecs: 


SUGAR FROM THE DOUGLAS FIR. 

in strattgeiiess any botanical discovery made in 
nt times is that of a new source of sugar in the leaves of the 


Scewssino 


1 a fir which grows in certain confined portions of the dry 
British Columbia. Professor John Davidson, P.L.S., 
j) SB of the University of British Columbia, sjient much time 
^ the dry purpose of investigating the plieno- 

He found that trees on southern and eastern exjwsures 
„pntle slopes in the dry belt regi(m of British Columbia l)'ing 
brtween parallels 60 and 61, and longitude 121 to 122, chiefly 
Idcd sugar. The trees which yielded were well apart, thus 
receiving a good supply of .sunlight on their leavc.s, a more plentiful 
ly of sunlight on their roots, and having a better air circulation 
trough them than trees in densely fote.sted areas.-[Pro(I«c4io)i 
and Export, April 1920.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC 


His Majesty the Kinc-Emheuor’s Birthday Honours List 
contains tlie following names which will be of interest to the Agii- 
cultural Department : 

C.S.l J'Tu. B. P. Standen, C.T.E., I.C'.S., Commissioner, Central 
ProN'inces and Berar (sometime Director of Agii- 
culture, Central Provinces and Berar). 

C.I.E. Mr. C. M. Hutchinson, B.A., Imperial Agriciiltuial 

Bacteriologist. 


Mr. AV. C. Benouf, T.C.S., Political Agent, Balmwalpnr 
Agency, Punjab (sometime Director of Agnoulturo, 
Punjab). 

* 

* 


Dr. E. J. Butler, M.B., F.L.S., Imprial Mycologist and 
Joint Director of the Agricultural Re.search Institute. Piisa, 
has been appointed substantively pro tempore to be Agricul- 
tural Adviser to the Government of India and Director ot the 
Agricultural Research Institute, Pusa, witheflect from the 1st Alar, 

1920. 

4c 

* * 


AIr J. AIackenna, M.A., C.I.E., I.C.S., on leaving Simla to 
takc’up his appointment as Development Commissioner in B.mna, 

‘signedhis appointment as President of the Indian Sugar (''inmi 

ith effect from the 26tli April, 1920. Mr. F. Noyce, I. e ■ 
been appointed to the ri(sidency of the Ccirmittee with <1 

from the same date. 


re si 
\v 
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Mr. W. Smith, Assistant Bircctor of Dairy Farms, Southern 
Ciiot’, whose services have been placed at the disposal of the De- 
pailment of Bevenue and Agriculture, with effect from the 1st May, 
1920 , is appointed Imperial Dairy Expert, with effect from the same 
jatc, in the Imperial Department of Agriculture in India, 

♦ 

if. ^ 

Me. G. P. Hector, M.A., B.Sc., Officiating Imperial Economic 
Botanist, has been placed, with effect from the 1st M.ay, 1920, in 
charge of the current duties of the Imncrial Mvcoloaist, in addition 

to his own. ^ 

♦ * 

Mr. W. Wynne Sayer, B.A., has been appointed Supermime- 
raty Agriculturist, with effect from the 20th .lamiary, 1919.] 

% 

if. ^ 

Dr. J. H. Sen, M..A., F.C.S., Sui>emumeravy Agricultural 
hemist, has been appointed, with effect from the afternoon of the 
lOtli April, 1920, to act aa Im])erial Agricultural Chemist during 
he absence of Dr. W, H. Hanison on leave. ' 

♦ ♦ 

Mr. H. V. JosHi, B.A., M.Sc., L.Ao., First Assistant to the 
Imperial Agricultural Bacteriologi.st, has been appointed, with 
effect from the 11th April, 1920, to act as As.si.stant Agricultural 
Bacteriologist, vice Mr. J. II. AValton, B.A., appointed to officiate 
as hnpeiial Agricultural Bacteriologist. 

* 

* ♦ 

Me, a. L. Sheatiier, B.Sc., M.R.C.V.S., Director and First 
Bacteriologist, Imperial Bacteriological L.aboratory, iluktcsar, has 
MU granted privilege leave for three months md 24 davs from 
die 17th April, 1920. 

* 

* * 

. Ms. w. A. Pool, M.R.C.V.S., Offg. Second Bacteriologist, has 
*en placed in charge of the current duties of the Director and First 
Sacteiiologist, in addition to his onn, during the absence on leave 
Mi. a. L. Sheather, with effect from the 17th April, 1920. 

7 
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IVIe. a. C. Dobbs has been appointed to be substantively 
tempore Director of Agriculture, Bihar & Orissa, with efiect from 
the 6th January, 1920. 

The services of Mr. G. Clarke, F.I.C., Agricultural Chemist to 
Government, United Provinces, and Officiating Principal <if the 
Agricultural College, Cawnpore, are placed at the disposal of the 
Government of India, Department of Revenue and Agriculture, with 
effect from the date he may be relieved of his present duties. 

* 

* 

Mr. P. K. Dey, who has been appointed by His Majesty’s 
Secretary of State for India to tlie Indian Agricultural Service, lias 
been appointed to be Plant Pathologist to Government, United 
Provinces, with effect from the 1st March, 1920. 

4c ^ 

Mr. C. H. Parr, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agricultural Service, 
has been appointed to be Deputy Director of Agriculture and to be 
in charge of cattle-breeding, United Provinces, with effect from the 
31st December, 1919. 

* 

* 4 « 

On the completion of his training at Lyallpur, Malik Sultan 
Ali has been posted as Deputy Director of Agriculture, 1st Liccle, 
Gurdaspur, with effect from the 6th April, 1920. 

* 

* * 

Mr. T. F. Quirke, M.R.C.V.S., Officer on special duty in 
the office of the Chief Superintendent, Civil Veterinary Depart 
ment, Punjab, took charge of the duties of Officiating Chief 
Superintendent, Civil Veterinary Department, Punjab, with effect 
from the afternoon of the 22nd March, 1920, relieving Colonel 
J. Farmer, C.I.E., F.R.C.V.S., who proceeded on combined kaw. 

* 

♦ * 

Captain K. J. S. Dowland, M.R.C.V.S., Professor of 
Sanitary Science, Punjab Veterinary College, Lahore, assume 
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cliai’fe of the duties of the Professor of Siirserv in it ■ 

on the afternoon of the 3Ist March 1920 f 

ih Burke, Professor of Surgery, retired irorrtf 
-0, 'Tovernnient 


omi, 

)Ir. 

servi! 


* * 


oFr. T. M. Doyle, M.R.C.V^.S. has l.pnn 
Indian Civil Veterinary Department, with et?e?T''^’''lt 

Mard, 1920, and is posted to the Govei.„mnt Catde f1! 

Punjab. ’ 


4^ 

* ♦ 


Mr. G. McElligott, M.R.C.V..S 1tis 
I ndian Civil Veterinary Department; with effecUromle Vg 
May, 1920, and is posted to Madras as 8eemi0 ^ i 
Veterinary Department in that Presidency. ' evident, Civjj 


Mr. G. I . Keatixoe, C.I. E., i.e.s., on return from leave has 
been appointed Director of Agrii-ulturo and of Co-operative Smae- 
he, Bombay, .ice Dr. Harold H. Mann placed on special duty in 
tlie same olfiec till the date of his departure on leave. ^ 


* 


1)11. it. G. .Manx is granted, with, efloet from the date of relief, 
eombinpd leave for eiglit iiiontlis. 


IIk- 1 . F. -Main. H.Sc., Deputy Director of -\gricuituve, Smd, 
us leen allowed, by His Majesty as Secretary of State for India, an 
extension of furlough for six months. 

* 

^ Mr, T. Gilbert, B.A., Deputy Director of .Vgriciilture, 
iff ^''’eeion, Bombay Presidency, lias Itoeii allowed, with 
^ a lioin tlip 1st May. 1920. the aiuoimt of privilege leave due 
111 (otnbined with three montlus" leave on urgent private 
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Rao Saheb M. L. Kulkarni has been appointed to act as 
Deputy Director of Agrieulture, Southern Division, Bombay Presi. 
dency, durrag the absence on leave of Mr. T. Gilbert, p -nding 
further orders. 

* 

« * 

Mr. P. C. Patil, L.Ag., Deputy Director of AgrirultMe, 
Central Division, Bombay Presidency, has been allowed an exten- 
sion by two weeks of the privilege leave granted to him. 

* 

^ * 

Mr. K. Hewlett, O.B.E., M.R.C.V.S., has been allowed ty 
His Majesty’s Secretary of State for India an extension oi 
commuted furlough for four months. 

* 

* * 

On return from leave, Mr. 6. Evans, M.A., C.I.E., Deputy 
Director of Agriculture, Central Provinces, is posted to the Nortliera 
Circle. 

* 

* * 

ViR. C. P. Maya Das, M.A., B.Sc., Assistant Director of Agri- 
culture, Central Provinces, is confimied in his appointmmt, with 
effect from the 18th May, 1920, but will continue to officiate as 
Depmty Director of Agriculture, AVestern Circle, Central Provinces. 

♦ 

♦ * 

AIr. R. F. Stirling, who has been ajopointed by His Mi.,, st) s 
Secretary of State for India to the Indian Civil Veterinary Depart- 
ment and po,sted to the Central Provinces, assumed charge as 
Second Superintendent, Civil Veterinary Department, Central 
Provinces, on the 8th April, 1920. 

♦ * 

Mr. a. McKerral, M.A., B.Sc., Deputy Director of Agncnl' 
ture, Burma, has been granted privilege leave for six months, 
effect from the 1st June, 1920, or the subsequent date on wi 
he may avail himself of it. 
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Col. G.H. Evans, C.I.E.,C.B.E.,MRCV^ « • 

Civil Veterinary Department, Burma, made over and 
JI,R.(1.V.S., received charge of the duties of Second ^ ' ’ • ' 

Civil Veterinary Department, Burma, on the loth Amrior'^'H 
also made over charge of the office of Third ^ 

Mr. C. J. N. CmerOB on mh. May. I9sa,, t» 



Reviews 


Motes on Improved Methods of Cane Cultivation. — By Cr. Clarke, F.Ij', 
Naib Hussain and S. C. Banrbjeb, Department of Laud 
Records and Agriculture, United Provinces; 1919, pp, 
plates. (Allahabad ; Government Press.) 

This little volume records the results obtained at the Sugarcane 
Research Station, Shahjalianpur. when' a large number of canes 
have been under trial for several years. The possibilit ies ot intensive 
cultivation of improved sugarcane, selected to suit local conditions, 
have been detdt with at some length, and can easily be lucnsurcd 
by the average yield of about 100 mtumds of (jiw per acre obtainol 
at the station over a number of years, as against ‘32’ 0 maunds, tlie 
average yield in the United Provinees in 1916-17, from dealn. enmo 
by the ordinary methods of cultivation. Besides better prcpiurition 
of tire land and the adoption of suitable methods of moistitrc conser- 
vation and soil aeration, the authors advocate the sowing of augai- 
cane in trenches 2 feet wide and 4 feet from centre to centre .is tlic 
most suitable for thick and medium canes both as regards goiiuiut- 
tion and yield per acre. To obtain a good crop by these nathuls cf 
cultivation, manure containing 120 to 150 lb. of nitrogcir (lupiivaloii 
to about 33 to 40 maunds of castor cake) is however lec^uiicd. I'liis 
is the heaviest item of expenditure involved, but it is deliniteh 
stated that a handsome return has always been obtained, lb’ 
effect of liberally manuring the cane is not confined to that ewp 
alone : the residual nitrogen and the deep cultivation of the treuches 
effect a striking increase in the yield of wheat or other crops follotvef 
by sugarcane, and, to cite an instance, in the harvest of the 191D 't'b 
crop, 36| maunds per acre of Pusa 12 wdieat w'ere obtai/icil o'ci J 

( «4 ) 
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field 


OmV. T lP7M.On/vJ* 

Mauritius sugarcane, which yielded 948 maunds ner a 
, fce. fc .d.„.,r yield of Wige “ ts;: ' 

Ih. totenl-e method, „1 c„l,lv,.i.„ h„e„„,„ 

,0 profitable^ mth the desh canes. Trials have shown that “ heaw 
manuring with nitrogenous manure generally gives rise with deZ 
varieties to excessive vegetative growth without a proportionate 
or crystalline c-a .IIP C!nrt<.». ..-1 


tlire 


varieties to excessive vegetative growth without a proportionate 

fonnatiou of sucrose or crystalline cane susur aitU 

“Ucl, moreover 

„el,„, the tyenmg beyorf the *n et.shi.g 

“« I'* «» cam. 
Ins part of the United Provinces appear to he very limited 


ir If Wie best deshi canes 

...tins part of the United Provinces appear to he very limited 

but with deeper ploughing, application of small quantities ot 
manure and gi-owmg pure races, the outturn can be appreciably 
increased. ^ 


The advantages of using small power mills, in places where 
central factories do not exist, arc also clearly dealt with, and the 
rotation of crops followed at the Research 'Station is explained. 

There can be no two opinions of the vital interest and importance 
of the problem of increasing the yield of sugarcane at the present 
time when the prices of both raw and refined sugar are ruling so 
high. The world’s demand for sugar is continuously increasing, 
while its production by extension of area is not showing prospects 
of equal increase. The best solutions of the vexed problem of 
meeting the increasing demand for it seem, therefore, to lie in 
increasing the yield per acre by better varieties and intensive 
methods of cultivation, conducted with scientific skill and care, 
and by improved processes ot manulacture. The United Provinces 
command about half the total area under sugarcane in British India, 
and there is a wide scope for introducing the improvements recom- 
mended by the authors of this volume, especialh' as it may now be 
safely assui|^ed that at no time in the near future is the supply of 
S'-'f 01 sugar lilcely to overtake the demand and that high prices are 
hoiiiid to prevail tor many years to come, w ith a correspondingly 
good margin of profit to the cultivator. The successful adoption 
of the methods, with regard to improved canes, is, however, depen- 
^"1 on irrigational facilities, capital and intelligent supervision, 
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and will probably prove beyond the means of the ordinary cultivatoi • 
but we hope that the wealthier cultivators and zemindars of the 
provinces will seriously consider the possibilities and will take the 
lead in bringing about these improvements which will also 
ultimately raise the standard of agricultural practice of the 
country. [Editor.] 

* 

* * 

Agricultural Statistics of India, 1917-18, Vol. I. Pp, 321 -j-2 
maps +9 charts. (Calcutta : Superintendent, Govt. Printing, 
India.) j^Price Rs. 2. 

This annual volume is the thirty-fourth of the series started 
in 1886 with statistics for 1884-85, and has just been issued by the 
Department of Statistics, India. It deals with the figures relating 
to British India only, and, like its preceding issues, is a source of 
varieties of useful mfoimation for all who take an interest in agii- 
cultural questions. Statistics are usually stale ; nevertheless, a 
study of this volume will be profitable to many. 

The actual area dealt with in this volume is 617,607,000 acreB, 
After allowing for forests, buildings, water, roads, etc., we find 
that a balance of 387,799,000 acres or 63 per cent, remained available 
for cultivation, but the net area actually cropped during the year 
was 227,848,000 acres or 37 per cent, of the total area as against 
229,620,000 acres in the preceding year, a decrease of 0’8 per cent. 
If areas cropped more than once are taken as separate areas for 
each crop, the gross area cropped in the year amounts to 264,817.000 
acres. The area under food grains showed a decrease of 1,336,000 
and that under oil-seeds of 527,000 acres as compared with the 
preceding year. There was an increase of 386,000 ^cres imder 
sugarcane and of 1,666,000 acres imdcr cotton, attributed chiefly 
to the stimulus of high prices obtained in the preceding year. 

While it is admitted that the Indian figures of area are hard to 
beat in the matter of accuracy, the same, unfortunately, cannot be 
said of the figures of average and total yields. The importance of 
accurate agricultural statistics is, however, fully realized by the 
Departments of Agriculture and Statistics, and the whole question 
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received careful consideration of the Board of 4 • 
held in December 1919, at which the Departn ^ 
represented by its Director. Efforts are be •'Statistics fl-as 

more reliable figures of yields and it may 

that, as time goes on, they will become molTT"''*''' 

[Editor.] ™ore accurate. 
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